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SUMMARY

TD e mx.lD m/_. nipl.!/_d Der_ h!fore to obla / t_ a ppr.,_' ;-

mah. xolution,_" <![ IDc tran,_o.;c .flmr eqm_tiot_ .for

plato, a_.l a.ri,_ym,.i_4r;c fl,m_ ;x _.rt_mhd t. _.tir_

rea,_'onable re._'_t/lx.[or t_ff#t_.ls ql'Jzl_ih. ,_'pa#_, con,_ixtetd

w]l]t t]_t _ _'ltOll'lt properl;t.x qf lranm, l,;c flou!x. In

t/r;x I#tet/tod t/tc par/;,;/ d;h_,_r('nl;a/ tq_tal;ol* appro-

priah, to tDe Mudy of D'(tt_son;c flow i,_" repl,,zc,,dby

a noM;licar ordimtry d;ttS, rcl#ia/ ,quati.n, u'Dic/_

can fie ,,./r,,d h?/ tlum,r;c::/ mt, tD.d,_. .l,_'ym/dot;c

.form,, _!f lDis d_fferettlia/ _quali.tt are girth,

for rery D igD and tory �my a,_'pecl r_ttiox, and atta/ylic

rexu/t,_' ar,_ .bteimd /.r c,,rta;t_ ,_'pechd ca,wx, l"rom

the (t,_'ymphdic form ,for low aspect ratio, analytic

e,rpr_.,_.,ion,, are d_.rired f.r IDa" pre,_'xure dish'it)_.tion

on a t_umbcr qf ;tder_',_'lin 9 xDapes, 4ncludiml rec-

htttgu/ar u';#,_l,_ hCt_;#t_.l wed_.le or c;rcu/ar-arc proh'[cx

aml al._'o ID;. _/l;ptic eom'-e!/li_.ters. For tD,_ lDit_

e/l;pt;e eom,-cy[;mterx comlmr;,_'o_,_' ore tmuh, 'm;th

prec;oux theoretical res'ults and with ea'p_rimenhd
data.

Numerical r_xu/l% calculahd h!/ use qf e/co/formic

compul;lql macDim.x, arc 9;rcn ;t_ lDe.form of prcx-

xur_. dixtributicmx ariel pressure drag for Dro prolile

shapes, 'we¢/g_, am/ circular ctre, .for wings q[ rcc-

latipular pht#i form. 73_' r(tt_.le qf aspect raliox

eo_,er,.d e,rhmt,_" C_cH;rcly h'.m :,.r,, t. ;_fin;ty aml

agreement mild /De asympt.tic rcxull,_' ,ix shown at

b.th lim it,_.

INTRODUCTION

This tmlwr is concerned with tim theoreiienl

predi_'tion of the pre._sure distribution on thin,

nonlifiing wings of finite Sl)lin lit _Xlileh llllliil)ers

liOill' l. li i_ li_/llilOd llial lho wiil_'_ lii'o sufll-

eiently lhhi lhlil ltio slnnll-di_Itli'i)l/liCe t]leOi'v of

li'lllisoniv flow olin be tl:._et[. Allonlion is ful'lhei"

l'estrieiw, I to wing,_ wllose plan fol'in and lirofih , are

_uch lhnl ill all i)_tinl<_ lhe flow li_'ee]ei'lilc_ lilonI£

tile chord. 'l'liis ililil.;es il l_>_sibh, l_.l exlelid ilie

<'])liriiJ:lolil;" inelhod _h,_vl'ibe_[ in I'Ofel'elll"e 1 fill'

lv¢o-dilnlqiSiOlilil flow, lilil[ in l'efei'elice 2 for lixi-

s viiililell'i(; flow, Io ])Pl'inil deloi'ininlilion <if lili

l/]ll)roxinillle solulion for il wide _'lils+_ of v¢iii_'s <if

finile si)liil. The _ZOliel'li| t)rolieriies ltf lllis sohl-

t ioil iN'l, eXlillliiied illid colnillii'el[ wilh known

l)i'operlie_ of trilliSOiiic flow. The ('limp of wings

of ro('lliii_Z'llllii' ])]lill foi'lil ]iilVililZ v¢l,d_'e oi' _Xili-

inelrielll cireulilr-lu'v I)l'o(ile_ is VOlisidel'ed in

deiai], t{esulls lil'¢ given in lhe foi'lil of ])1'e_,,.4111'0

disiritmiioli_, lilid for elich i'il+_t, ihe secl ion lliid.

ILollll i)ro,_sui'e dl'n 7 ctle[[ieient,_ lil'O ili_O evliluliled.

Tim iiliini)ei' of \vhiff_ iiMudell i,_ suflh'hiei io

cover effectively lhe enlire l'llli_e tlf' li,_l)ecl rulios

fi'Olil ZOl'O lo hllhiil3-. _hnli]e linlll3li<. _ohlfohlns

ll,l'O given for Vill'iOll_ ]hiiiling /'ll_O_ of lhe I'pl'-

tan_'lillii' wiii_Z_ and itl_o for _'oi'lliin oilier llhln

fOl'lll_.

l)iflieuliies il_Soeinled wit ]l liio noniineltril \ illld

mixed lyl)e of llio l£o'vl,l'tliltg" eqllilliOli of ll'illlSollil'

II_+w lliooi'y itl'O $tl('[i that 11o [/l'eViOtlS ._(l]lltititlS,

t,xliol o1' llpl)l'oxililitlo, ]ltlVO t)pt,ii Izi_,'t'll ['ill" wings

of liiO/IOl'llle lis])ocl rlllio Ill ,_llix'}i lilllilitei' 1.

'[']ie,_e diftivuliie,_ ]laVe liol, ]lOWOVel', |)l'e_,l'lllOd

l]io delei'iililii/lioli of sevel'lil iini)orlliiil I'¢lllliOli_

between sohlliOllS (see I'ef. 3). '['hl'Se I11'(': (II) I[1t'

siniilnrilv l'uh,, whivii i'ehlles file sohllions for ll_

flllnily (if lil[inelv I'ehlle(t wing's, (b) lilt' eqllivill!'ll<'e

yule, whi('h re]ales Ihe solulion for li sll,lldei',

low-ilsl)evt-I'lilio wing Io 1]illl lli'ound lin eqiiiv-

nlonl iioniifiiil_' llo_[v of i'ovo]ution hilving llle

_liliie [onT'iludii!nl di_ll'ibulion of Vl'O_.'-4-sevliollli[

ill'eli, lilltl (i.) tile .Xllieh lillliiliel' fl'et,zt,, which

1
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rehiles the solutions for vall'il)llS X|ll('h nllllihers

ilOllr I |or IilIV _ivela wing. ( p

.'%,[liaav investigaitors seekilag slilutions ill lilt _p

])i'otlh'ln (if I w(i-itilneliSilinti] l l'lillSOlai(' flow arouild

lhin llirfoils lillve enll)lo/e(I the liollogl'ait)ll ll'tlns- c

flirniilli;in, t).v lil/,tlli,_> (if Wlli('h lhe governilag equa-

thin is linelu'ized wilhou! ill)liroxinaation. Ill. Ca

reference 4 (hidiu'h'y dis('usses the exh,nsiola (if the Fa

hodogi'lllih nielhod Io the ])i'oblenl (if tln'ee-

llililellSi/intli tl'lillSl)lli(, [haw tlrotln(l l<iliite-si)ali ])

wi',lgS. The ll,lvalalllge of linenrizal.lion is lost ila
ill,' exll'llshin h) Ilia'('(' dinielasions, howevi,r, lnid k

his resulls lire liniiled to ('el'liiin ta'enlls for llie

hllhllql('e (if ilSl)(,,.l rlllil) for ,'l sl)ecill.1 type tif J/.

l_niie-sl)tin wing. (laiderh'/(.onclaldes lhal to lind P

a COlill)h'le soluliola (if lhe noliliiaell.r e(tlllltion for tj _

irlillsoni(' thaw al'Oaliid li wing ill iiiodcril.le ll.Sl)e('i
rllih) Wollhl [al'l)'¢e eX|l'('lll('l/ ('Ullll)l,rsi)lilO if llot q_

inipi)ssil)h,.

Th,, Ilpl)roxinlltte nleth/id I)resenlell ill references S'(X)

1 land 2 ,hies iaol enil)hiv lhe tiodogrliph li'tlliS- s(J:)

fiii'liilililin Itnd ii()eSSellliil] (li[th'uliv is eli('Olllilerl'd

ila Ih,' exl(,liSi/)li It) lhr(,e-(liillelisi()littl ])ro|)hqiis. 7

Alililicialhila (if (his ineihod it,ads, (IS b('foro, to a
nonlinelar lirdiniar/ diffea'enliail e(tuitlilin f,)r (lie t

|oiagitudhill[ I)erlua'l)lllion vl,lo('ily Oil- the wilig U_

surfll,'e, thiwever, for v,'illg'S o[ [(nile st)t%ii tho u

resulting ellUll-ii,)la is consi(lerlltil/ lllOl'l_ i'onl-pli-

ml.ied lhlila ill lhe tv_'o-(lilnensionll] ('iise iliad it is

ll,,('esSiil'V I,) l'VSlil'l io lauinl,ril'lt| liiethods ill Ol'lllq"

lil delerinhle il s/ihllhill. The e(luallimi is in a

fill'ill ._llilill)le |or [uliad Cl)lnl)ullalioli I))" the nlettio(l x,y,z

of iso(.lhlcs iliad ibis iil(,l}il),l wlis used in iare-

lhninlu'/ callculalhins Ill i,xiilol'e l}l/, nlllure (if the

.,_llhlliliiis for lho two ])roflh, shai)es (.on.,_id(,red.

iiowever_ the VOIIIIIII' (if wlirk r(,qtlirl,d ill the ('Olll-

i)ulllliOli (if l)rcssui'e distrit)utilalls ill severll.I _])llll-

wise SllllhiliS ,ill li lllllilbl'r of WiligS (if dilrerelil

llSl)l,('l rllliOs is sutti('ieallly gi'elit llalll lla(, resuhs

liit)uhlll,,l ill ill(' ])reseill i'el)oa't were ,)])liiine(l b)"

use 02 o!e('ll'onic ('(inil)Ulili g nltl_elainos.

=1

,1

(,

( !D
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SUBSCRIPTS

I_ t)ody

P7I rront half

1V wing

e edge

0 singular point

SUPERSCRIPT

* sonic point

FUNDAMENTAL EQUATIONS AND BOUNDARY
CONDITIONS

A thin wing of symm(,tri('.l profile nt z(,ro augle

or attack is assunle(l lo tw immersed in a sl('a(ly

ttow of un invis('id ('O]nl)r(,ssibh, gas with free-

sl]'enl]l 3la('h llt]lnber near 1. TIw axis sysl('m,

_s sh(m-n in tigm'e 1, ('onsisls of ('artesi_tn ('oordi-

mites with the : axis I)nrnlh'l to lit(, free stream

and wit]] the origin nt tile n.)st forward l)oint of

lhe wing. The wing plan form is (h,s('ril)ed by

y=--._'i(:r) nnd y .,'..,(.r) _ls indi('al(,d in figure 1.

lq'ot)l('nis of transonic Ihm. around thin ":.'[nR's

van I)(, studied t)v use o[' the following eclunti(m.

where I+ und +1I nre lhe veh)('ily and ._la('h

]mmller ill the l'r(,e strt,atn, y is the ratio of Sln,<'iti<_

Iwnts (y 1.4 rm. aim'), /c .ll_(y+l)/I7 ,Ill(|

tile St]l):,('l'il)!S in(li('ate (li[]'(q'('lltitlliotl :

• o , .ll_(',,,-+ 1)

m

x, y, and z axes. The appropriate I)ound_u'y ('on-

ditions are thai lh(, gra(li(,m or ¢ vnnish far ahead

of the wing and list the flow It(, tangential to lime

wing surfa('(,. For thin wings the latter <'ondilion

is satisfied ir

,:).,: (2)

wh(,re Z(x,y) represents tit(, ordinates of the sur-

face. Tim pressure ('o(qti('ienl is nl)l)roxilnatei[ _ts

in lin(,_u" theory, list is

(_ = p--p= __ 2_+.=_2u (3)
) ,o

(p_l 2 ), '2 [ '::. l '

wh(,r(, p_ is the density in the f]'ee .-;tr('till|.

In addition to snlisf'ying the _ibov(, e(liullions ,

it is also ne('(,ssary to tak(, i)rol)er a('('ount of the

(lifl'eren('e in r(.gions or inlhwu(.(, .rid (h+p(,ndetu.t,

ill the sut)smfi<' and SUl)i,.'soni(' I)()rlions of lh(. th)w

ti('hl.

]n g('liel'nl, sit()('],: WtIV('S o('('tlr il! trnnsovfi(, fhms

+lll(I W]l('ll |lie 3, nl)l)eat', a(hliti()nat eqt]ntion:-: ti]'(,

nee(le<l for the nsso('inte(I (lis('()nlilluous (']ltill_,Z,(+g

iJl v(,lo('iiv. For the l)urt)os(,s ()f this l).l)m', how-

(,v(,r, the s].)('l.: reh__tions _ll'(, llol required, h} tim

first l)ht('(,, ntl_.,nlion is restri('t(,t[ to ._]a<']l lltlllll)el'S

stmflh'iemltlv Ii(,tl]' I tirol the fh)w in the vicinity ()1'

the wing is e:senli_dly lh(' s:tln(.. I)y virtu(, ()f lhe

_la('}i nuttll)et" rrt'('z(', a.'-+at free-strenvtl .\[n('h lilllll-

t)m' ]. Se<'on(I, lit(' shnl)eS ('onsid(,r(,(l :ire ('()n[in(,(l

1() lhose for whi('h, a! NI_.<'h ]luml)er 1, the :.:,h<)('].:

sl_ll]dS ,tit lhe ]'eli]' Of |lit" wing Wil('r(' il,':, i]lllu(,n('e

(';Ill llOl ('Xlel](l OHIO the XVil]g Nllrrtl('('.

APPROXIMATE SOLUTION

The teehni<tll(.s use(l in referen('(,+ 1 :ll_(t 2 e:ln

t)e nl)pli(,d |o (h.l(,m'min(, an nl)tlroximate soluti.)t_ or

e(lUttlion (1) l'or tt fin(t(. Slmn wiug tlt _ln('h num-

l)(,rs n(mr I. First, the c<wllh'ienl ()I' _+ is rvl)h](.ed

l)y the sxml)ol X tls follows:

x++l.ll'_+(vg l 3/1 ++ l¢:+ _/,-c),/c).,'_0 (4)

¢..+¢=_--X¢++ --(1--.lF_)¢:_=-.f,, (15)

---A,¢:. (I)

In this eqtmtion _, is the l)erlurl)atitm vel()eilv

potential, whos(, gradient yM(ls the p(,rturbali()t_

velocity ('ompouents .. r. ut.l .,, parallel to the

Att('nti()t_ is ]'estri('led to (',ses for whi('h >, is

positive nnd it is nssum<'(I. Its wns also (lot](, in

r(,f(,r(,n(!(,s 1 _u_(t 2, lhnt x varies sufti('ienlh slowly

t}mt i! ('tit] [)e ('onsid('r('d ('onslnnt in tlm i_fitittl

stages ()1' the atmhsi_. The resulting e,'lUnli<)n is
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linear for X- constant and isof clliplic, ]l.vlwrholit,,
or Iml'.l)olir lyF, e del)emling, on whetht.r Ihe free-
sit'it,hill NbMl iltllllbt,l' is less than, gi'eaierthan,
or equal to 1. l.rse of the boundan'y ctmdilions

given v<ilh equation (1) and llw I'orln of (h'een's

tht,or¢,ni appropriate for Ilw h,ft sido of eqmtlion

(5) l,,ads to lilt, followinff eql.hi.lion I'or _t il' Im ac-

counl need be taken of sh,,cl,: wav4,s:

xfl!s-o:4 :-']

= -. I d_ [ (_ dn
• 2tF o,r.h_ d-,,'ll_,i :r--_

-X[ql ,7): _t :- t)"]

_1 O .... _ .L.

(_)
vch (,1'( _

The subscript 1' on _l serw,s us a reminder lhat h

is considered cotistlinl Ill lifts Sttll._l,! of lilt' analysis.

AI _iltch nuliitler 1, [1, is ziq'o and t11, ('till he clil-

Cillllled for lilly given vli|lie ill' X [or it known pro-

file aiid pit/It fOl'ln. A1 oilier Milch iillnitlel'S

equlllion (ti) is an inlegrlil eqtllllioli w}iose sohilion

i'ellliiiliS io Ite I'olind. For 3lath nulilllel'S nenr 1,

however, [p is Vel'V Slillill and _ ('nil safely lie

rvllllired Iiv h i,_'. Tile lriple inle_Till ('nil lln'n be

evlihhlled wilh lhe t'olhlwing i'esull :

,_,:(.,.,:i,:5= (l ,lI_)
l '_.... I I_ (T+ 1)

- ;'[L_ ,7):+ ::]

i O 1"t_['_: '_' aZ,,,"o_- ..___ ,h7 (7)
-- 2_ a,;, ,t,, "3 ,.,<¢,."-

Nexl, the vllhle of /_'¢_, itl ltn' Iminl .r,!1,2 is re-

slorl'd ill place of X in equnlion (7). For tilth

vii|lie of y iilid : lhe i'esull is II tirsl-ordei', lion-

linelu', ordinary ditl'erenlia] e(tuillion for ,11. ilS li

[unclion ill" j!. The sulisrl'ipl 1' is iiow dropped,

and /_'_p,_. is Wl'illen lls /_'_1_. ll is iniporlluil lhlil,

lhe order ill which lhe o[)el'nlioliS hllve been per-

forniell lie, reliiined, lind lifts is indicilled in the

following eqlllilion b)" it notation designed Io show

lhllt lhe derivative with l'OSl)lq'l Ill J' is to be |llkell

holding _/' /,Ollsllilil,

'> 1 0 "\

,.__(.,.,!/.:') = (1-_A1;o) _ Ox)l' //_(T-F 1) 2rr• tl ' = eon_t

-,4",'[¢y n)"+ :-']

l
•1_ ,#-'t¢,% '/'--_ ('

In clls,s where allenlion is confined to conditions

on llie wing Stll'fltee_ It. ('lin })o evilhialed on lhe ;r,y

plane nnd equlilion (g) can tie sinlpiilied by hqling'

z_ 0 ili ih0 integral.

I1 is eOllvonient lo express eqllliiiOll (8) ill tel'ins

of reduced vllriab|es hidicllied by the ll'liliSOliiV

siinillirily ru]e nnd defhled its i'ollows:

2_ x ie, dZ/dx= rd(Z/t )/_ff "l

t

r -- l/",' -- (InaXil liUln l }liCk ness)...'(Inl/xiln I1111vh (n'd)

_=[M_(T+I)r]'/:_.t/c, .7= [3I_ ('r + 1__1":%"c

_o_--(.ll_- 1)/13/_ (7-i 1)r] _':_

{I l#_ (_,+ i)i,':t r :':,j (,,,t" 5 -G,':'

l,]qualion (8) thus llecoines

_(7,_,_1 _-2_ a_ r,':,,_,,,_t

__',7 _

fTd, _ I'Z {u 0(Z,,"/)/'c_ _,:7-_, ,t_7 (10)_ ' /9

PROPERTIE.Ig OF TRAN.4ONIC FLOW

Frolll P(ltllllioli (lt)) it elin Ill' seeii ltllil I'ltr lll'-

tinely relllled plan foriiis (fixed .7.(7)), iinl| iittinely

I'ellllelt protiles (fixed _{Z/t),07), 77 ill li l._iven 7

luid .7# Vill'ies only wilh <_:. Thrtis the ln'esent re-

stills follow the trliiisonic siiiiiilu'ily rule. X'ole

lhill 7 has lhe Sillile l)ilrlinielrir I'oriii its lhe nspt'cl,

l'alio [)lll'ilnieltq" ruslolnlli'ily used hi ihe sliilenielit

of lht ._iniilllrily rule, liilil is, z-l-: []/'_ 07-_ i)rl 'I'Ll,
whel't ,-1_ is llie il_pecl, l'iitio. For ll ]'ectlillTillllr

wing ,_ is indel)elldenl of .7: lllld tilt, ilSl)ecl l'alio

i)ni'lllllelel ', ,.'-1, is (,_l ! 7:_). 1_'Ol• olher plan I'llrins

- il .1+171¢;'<7i",1_')A=(7, ......+_., .....)_/,\j,, 3-7,!7) '

FU 'lherlnore 77' in lhe exl)ont,nl in eqlllllion (10)

('Iii1 t,t' replaced by d(-O+(:);'d7 for It given vnhlP

(tl' _ all(| it f(llh)ws for WiilffS (;if' ttflin('ly reliih,d

geOlll,qi'v thlil _ _, Ill n l£iv('n 7 lind ,q (l(le_, not

Vlil'V with {. Thus lilt, [)rest,ill r(,suils (!()nlliin

tilt' 3Ia('h lltlllll)eF fr('ez('. Noli('e lhlll lhere is it

COUl)lin g of iisi)ecl l'lllio_ thickness i'lllio, and

Milch nuniber hi _, suvh lhlil in order io nlilin-

lain t fixed A I'ttl" il. wing of fflVell lhivklieSs rlltio

il.q Ill, Xhich lllllnh(q' varies ii is liiPimPsSlll'V Io V_ll'y

lhe ilSl)ecl riilio likewise. The vlu'ialion of iisl)ecl
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ratio with Xla('ll uuml)er is not great in the r_ulge

for which the fre(,zt, ('au hi, (,Xl)(,('l(,(t lo apply, _m(I

wouhl disat)t)ear allogi,ther if' ],: ill e(tlmtil)H (1)

wero ih'finel| as (7-- 1)//'r_ as i_ often dono in (he

study of transoM(' Ilows. Tlli_ (It,fin|lion of ]," is

ll()t re('otutuoll(l(,d, ]lOVCt,v(,r, siuce i( l'(,slllls ill

considerallh' li):s or ll(.(.ur_l(,y at Xllwh miull)(,rs

r(,i,(iV(,l[ fronl u)dly (,_(,(, r(,r. ,5).

INITIAl, I?ONI)iTIONS

For each value of 7) (,quatiou It0) is a first-

(Ir(h'r or(lirlary diff(,r(,utiM ('(lUlttion aim its solu-

tion r(,<,luir(,._ the ._p(,('ili('alion of (me auxiliary

(yonllitiou. The sinll)h,st ('us(, is oile for which a

vllhl(, oi'77 is knowu :it sonle valu(, oi'7 for |,very

splulwise siMii)n. This is lhe case for It wing (if

w('(lg(' 1)r(ifile, f/Jr wlii(']l it i._ r(,qllir(,([ lhltl lhe

velo('iiy lie sonic tit ill(, s]iOll](lOl', lit 7('ll('l'Itl

]lowev('r, there is no poin( lit w]li('h "_ is ],;nowu it

priori lllld SOlllO Itllernliliv(_ ('on(lit|on IllllS( lie

ilUi)(iSl'(l ill or(il'r to lit'l.el'lnin(' it .'_l)hllioll. Uli(ll,r

siinillu' iql'('unislnn('(,s in r(,f(,ren('es 1 mid 2, ill('

lis._tllllpliOIl Wits Ill|till, lhlil l]lO desired s(lhlliOll ]'or

till lllinlyli(" shape was itself ltnlilvli(', li, |inpl)ens

in Ill| lhe ('list,s ('linsi(ler(,(I, (]llit is, (wo-(|ilnensional

flow lil'Ollli([ an Mrfoil, lixiSVlUlllelri(' fh)w ll.rouli([

ll l)i)ily of revohltiOli, luid I/i)w tliro(,-dinll,ilSiOuli]

flow l)llSI n wiiig, lhiil Ill(, (,qulllion ('olllltillS ll

shigu|lir t)ohil lhroug'h whi('h pass lui infiiiitv of

hli(,grlil ('lll'V(,_. In en('ll ('llse only OilO is linlilylic.

T]lus ill(, requirenienl of llnillylicii.y is sul'[h'ient

(o d(qernliui_ it uuique sohllilin.

In or(ler Io sliow niillhenillli('a|iy wlnll htls |)een

slalel] nil(ire, e(iuIilion (ill) ('|ill Ill, wriil(,n

VV]I('F('

lllld

m

t'=b'(7.t"; F) (_))

l'- 77-I-L,

l .... _'.- <1('fi+E,.,_,,"d7

Th(, (,qulliion will lit, inv(,sligitt(,([ for Ii fixed

vltlu(' of y. A (h,rivilliv(, willl r('spl'('l lo } ('1111

lie laken |is rollows:

l" 0/,',.."0.7+( .... O/']'Ol" (1-'2)

where it should I)e n/ite(l that li(ilh ;:)1'_107 lili(t

_l+'/'_[ ''-_' Ill'O, iU generlti, fllnclions (if7 and 7-:'.

A( a point w]iere _)#7'/."_)_'=() it i,_ l)Os_itih' to

eva|tiMe U' provi(|hig only thiit /"' i._ |hill(,,

but l.]lis is llssure(| if the ,_(ilul ion is luinlvlie. Wit h

[" kuown ltl II ])oiul, ii is I)O<_silih' Io cll|('ulllll_ [. r

lit lhlll p()ilil t)v llSi' of eltulllion (11). This is

nol onollgh io (le{orniin(, li uni(lUe _tililtion ])o(,liilSO

[ ..... ('illl tiIlVO IiliV thlile vahl(,. |Iowevi,r, ndili-

lioiin[ ({(,rivaliVl,S i'IiIl lit, lil|/,eli liild ill ('n(']i ('||so,

ihe /llikiiOWll trot finite ]iighl,r (h,rivalivi, of U

will I)o niullit)]i(,(I I)v _/+',.."_)/r' 0 and ('|ill I)i, (|isi'e-

gnr/lod. Thus ill| (|l, rivillives can I)o dolerniinl,d

in t)rin('ip|e Ill lh¢ singu|Itr pohil. Shl('(, t,li('h one

is thlile nlil[ uniquely (](,l(,l'nlin(,l[, ii fl)llows lhllt

till' llssuniplion of unlliyliciiy i_ sufti('ient, Io

(|elei'niin(' ii unique so]ulil)n ill tho ueigiil)l)rlloo(|

of lhe ,_higulnr t)oinl.

]i is hlll,ri,._ling to nole l]llli in 1)l)lh lhe 1wo-

(lilili,lisionnl lind liio iixiS)llliiioll'i(' ('ll_e_ _]+,......_/r,

i_ ll 1)l'(I(lli(!l (if il ['lui('li(in of _" |till1 il fllnclioll of

[._', llni( i.% bb'/bT'mf_(7]{f.,(L_'). Thus when

_]+'.,/'_)[ _ is <_('1 equill I() ZOl'O, ltle lo('nlion of the

Sillglllllr l)oinl is giV(,li hv /'(_') (I l)rovi(ling

f (It') iS IIOl zi,ro, _Ill(I i]lis latter (.onllili(in was

IISStlI'I'(I ili })olh of lilt' ahov(,-lllOllliOll(,(| ('tis(,s liy

tile i'o(tuir('nlent. Ill|l( [-_ l)(' finite. In ill(, 1)r(,._(,nl_

(';lS(' 0//,/(-)/7' (lOt's liO1 ]iliV(_ tills ('OllV('lli('ill ])rol)=

err. 3" and Ill(, lwo t!(lUilliOliS, 6F,,"6T_'--0 liliI[ 7-;'--

6b'/07_(), nro ,_olv('(l shilullnn('olisiy for the

lo('ati(ill (If file singulnr [)oiill lind fill' v(,|ocily

grli(li('nl Ill lhlll pohit..

ASYMPTOTIC FORM OF APPROXIMATE SOLUTION

FOR lARGE ASPECT RATIO

B('fore l)ro('ee(lilig to ('lll('uilil(' l)r(,s._ur(, dis-

(ril)ulions for Ii 1)lu'ti('uhir Ill|in forili anti lirolile

shape, il is well 1o ('onsiller whnl gl,nei'il| resulls

('all I)o found rrl)lii eqtiltlioll._ (_) (ir (11)) for Viil'iOll,'-;

]iinilhig ('llSl'S, and w]l('th('r lilt' llSSl/('illl('([ siinl)li-

t]('lliion._ of lhe equltii(/n liilIv liillk(' ii l)OSSitlle lo

ot)Inin luill|ylic i'esu|l._. Ii will lie shown lhlll

tlii([(,r ('(,rlnin ('il'('lllllSlilll('('s anaivti(' result._ ('till

be oblllhi('(| for whlg,_ o[' VOl'V |in'g(' lui(l very _niilll

It_[)('('l rlilio.

For |ill UliVItWOl[ whig of very high il,_l)o('l rii(io

wilit Ill| t!Xtl'n_ive region of (,onshlni ('hor({ Ill|i[

llii'foil _eclion llllVanlltge ('|ill lie lli|,;eli (if tile

i)rosonce i)f tho exponenlia| fun('tiOli, whh'h lends

to (Ihnhii,_tl lile iniporhln('(' (if (|isllult I'eTions

rehtlive io lllose neil.ri)y |in(| thus i)(,rnlils shnpli-

fiealion of tho oquitlion. Two 1)o,_,_itlilitie_ will

t)o considered, OliO for which such tl. region of

('OllStillll_ g(,olii(ql'.V o(!('lll'S lit,ill' ttl(, ('(qiler of the

wing ilii(| oiio for wtiic]l ii o('(qil',_ lit,ltr t]lo tip.
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CENTRAL RECION OF HI(;H ASPECT RATIO WING
©(

Place the origin ill a region of constant geometry
near the center of a very high aspect ratio wing and

make use of the nature (ff tile exponential function

it) justify disregarding small variations at distant
1)oints. Thispermits equation (10) tobe simplilied _-2_®

by h, tting 7_(7):_2(7)=_ and considering Z a
function of 7 Mone across the entire span. The

following asymptotic form results:

- _ 1 _ \ ¢;d(Z/t)/d_ ,_ ._ 3

_ 2_rOx'lm=con:t,],, X--_

t....v-_"Iy-_ 1 d t _ d(Z/l),i<l_ . _ 4
.l :o"4'x-l_)d7]:--_'--; _:_t- ;i#_ JH -(_a_:) l'2d_

01" ](i7--(_<) ._, =_-1= j'" d(Z,t)/d( d__"rr . t'Y--_)"_

(i :0

This is the ('ounlerl)art in reduced variables o1' the

result given in equation (42) of reference 1 for

two-diniensional flow past an aM'oil. The solu-

tion can be f()und in analytic forln for tin airfoil

having ordinates given by an analytic function

I)Z'ovided that "_ t _ is I.;.llOWll Ill ()lie poillt. If
this point is lit(' sonic l)oini, 7", where "_ ! _:(),

the general solution is the _ame ns that given in

--% v _ 1;_, =q!

equation (47)of referent'e | nnnielv

- {:I;' __077 ')_: __,)

" ]2 ) I H

(14)

As it sitnph, eXlllnl)h,, ('onsider a wedge profile

for which lhe or(linilles of lho surface ill'(' defined

I)y Z/t-a'/c ]7 for /l_x<('/'2 lilld Z!I--}_ for

X'.c'2. Thus the shouhh'r, .ud therefore lhe

sonic point, is ill 7 J_. For this OilS(,, c(tulliion

(14) }){,{'(ttill,S, I'{)l' 7_ !_,

- (7 )'3t ',,= 2(_<--2 In 2.7 (.15)

This resull, which is lhe slunc as that given in

equation (50) of l'(,[el'ell('e 1, is SltOVt'll ill figure, 2

for J[,o:l, together with the corresiion(Ihlg

l iu,oreli(,,l reslllt giveil 1)y Otldel'](,v tlll(i Yoshi]tlirll

__-'q Experlmefff ref 9

//_," [_ I IO Upper surfoce I

'/ ! l o= I
] M_:IO l El Upper surfoce /

! j_ Lowerj?ur foce i

l:i(:ulii: 2.---Theoretical ltlid ex])('rinl('lilll[ |)r(,s_lir(, dis-

lril)ut, ions :it, 31_--l wit,hin a rel4iou of (_Oll:-;lilllL t!_o-

olii(,lry Oll ,'t vl!ry iiigh -iSl)(,(.l ralio wint4 llaving a wedge

profiie (two-(|ilnensi(in'tl tlCl',v).

ill ref,renee 6, nn(l with eXl)erinienlal dllla ol)-

ltlilie(I in the Imngley alinuh_r transoui(' wind

ttllilit( lind rel)oi'l(,d t)y- tlatiel, llelillers[)n, tin(I

Milh,I in l'eforoli('o 7. II should tie el)served tlilit.

tit(, l)resslire giiIl(iienl, tit, lhe shoulder is infhlito

in the theoreticld results, ll ('till I)(, st,Oil in e(itlil-

ih)n (13) tlllll till inlhlilt. |)l'eSSlli'e gradienl is the

inevil lble ('olis('qileni'e ill' i't,,<luh'ilig _7 7 _<, li) be

zero i_l il ])chit, _uclt It_ lhe siiouhler, whlq't, lhe

derivlltive i)f lhe inlegral is ItOf i(q'o.

Ne_, I, consider il sniot)lh profile for which _7_{o

is liOl kliown n l)riori Ill any pOiltl. Eqllnlion (14)

has the siiiiii! ['o1"111 tls e(llltiliOli (11), lltnl, is /_=

F(7, L;'" 0). If a (lerivnlive is lni,:en with respe('l,

11) "_ ti ill tile ('(ll,fl'ieienl of )-" _('1 eqlilil 1o zero, l lie

sing'ul lr pohil i_ f(tun(l to lie ill llie vnhl(' of ]7 for

which

d

] _ (/ { Nil' t ) IllI'(/_ ' /_ () (lti)

<1"2',1,, (77'_{)l_

It Clilt hi' sO('li frolii equation (l:/) iihli, l the shigular

point is ltl_o the sonic l)()inl, since u@_:. is zero

therl' for i!liyr linite Vllltte (if _'. Thus e(luilliims

(14) lilid (IG), whicit l/i'e idenli('a| wil|i CqtlitliollS

(47) lilt(| (4;_) t)l' re[ert'li('(! l, lli'e suffi(',ienl to de-

lernih_o a uni(lUO sohilion. Furlherinore, Ill lhe

singul lr t)ohll, llie nnitlviic s()]liii()ii iiutoniiiti('lill 3-

salisfi ,s tit(, l'einliinhig rehllion ot)ltihled [rOlli

e(lultl eli (12), thnl, iS, U' _1"/07.

TI, oretieal pressure dist vibul ions compul ed for

severltl airfoils by use of lhc. above equations are
giwm in reference l and are shown there to bc in

good _tgreenlent wilh i,Xl)t,rintenllil pressure dislri-
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butions at, J/_:l. ()f thes(, airfoils, the mos(

pertinent for tit(, presenl discussion is the circular

arc, detine(l by Z/t--2(_--7 _) for 0_<7"_<_1. For

this profile shape, equation (16) yMds 20--7"--h /

•m(| equation (14) becomes

7',--2_--2 (1;2 [(ht 4T)- ST--sT:+ _] ) '':+ (17)

This result which is the slime as that given in

equation (53) of refcren('e 1, is illustrated for

31_ 1 in figure 3 tog(,iher with exl)erimenlal
(hi[It fFOlll I'C'['(W("[t('0 _.

4

4 6
x/c

}:tC;URE 3. -Theoretical "m(t experimeulal pressure distri-

bu.tions at J[_l wilhin a region of consl.tnt g('ome-

lry on a very high aspect ratio wing having "t circular-

arc profile (two-dimcn_ional flow).

Altention shouhl be calle(| to the fact. that. one

o[' lhe several airMls considered in reference 1 is

cusped in ihe rear and lhus does not meet [he

requirement of posilive h ah)ng [he chord as speci-
fied in equation (4). it is necessary in this case

to use the closely relaled hyperbolic melhod in

order to oblain an apl)roximate solution for the

rear pot'tion, and a similar procedure wouhl un-

doul)tedly be required also for a finile-sl)an wing
having such a profile shape.

TIP OF HICH ASPECT RATIO WING

('onsider a wing lmving a constant geometry

region at one tip and I)lace the origin at the lip

so thal .q--_L=(). Again dm inlhwnee of the
exponemM function is such that ;212) can be s(q

57ggs3 61 -- 2

equal lo intinit,y and Z can 1)e considered a fun('-

lion of Y alone across the entire span. Equation
(10) then l_e('omes

-L_,_-_' d7 J,, i7-_> ,,_ 4_] (Ix)

Inasmu('h as this result only difl'ers from lhat

given in e(lUalion (13) t)y a fltetor of _.;, whi<']_

cannot alt'e('l the position of tit(, singular poinl,
it. folh)ws lhat there is a w,ry simple relation

t)etween 1}re solution for lhe pressure (lislribution

at the tip of a ('onslani geometry region of a very

high asl)e('l ratio wing and lhal for a lwo-dimen-

sional airfoil having the same profih, shape,

namely

< ',,,,,,-=2_=+ (7_,_ :0): _,....... (10)

ASYMPTOTIC FORM OF APPROXIMATE SOLUTION

FOR SMALL ASPECT RATIO

For a very h)w aspect ralio wing, siml)lifi<'ations

can I)e intro(hwed which make it l)(>ssil)h, to

derive an asympIoiic form of e(luation (St.

From this, analyli(' solutions can be found fi)r a

numl)er oI' inleresling shapes.

Let the integration be perft>rmed in two st.eps:
0 to x--_ and x--t to x, where _ is a small quantity.

u __ 1 b
['+----27r O.r 1,,,........ ,

{ j;)':'d_ -_"" _-_:''+:q
'_,<_ OZ/"O_ -_(r__,

-ku'[ 0/ _ I'-'+ :='[ tJ'' rs_ `_1 _)z, _)_ 4,: ,._ o

--: £ (211)
-_- _ "

Since the l)oint _--x is excluded from the first
term on the right and lit(' exponenl of e in that

term is, conse(tuenlly , always small for vanishing

aspect ralio, the exponential function can be

replaced t)y the firs! term of the exl)ansion,
e_ l + .... Since the x-wise wtrialion of

the surfa('e sh)pe and of the wing tips in lit(' small

region between x--t and x is very small, the values

al)l)rol)rialc to x can be used in tit(, second term

on lit(, rigid.
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[-_' az r_ -_"<'-":+:J }_,._a,
z-t X--_

+ 0--M_)
),i_ ('v+ 1) (21)

The n integration of the first term on the right

can be performed symbolically since lhc integral

of 2_)Z/_)a" across lhe span is equivalent to the

hmgit udinal gradient of cross-sectional area, S'(x),

providing only that the wing oi'dinates, Z, are
zero at leading edges and swept trailing edges.

The _ integration of the second fez'n, on the right

can I)e performed approximately 1)3" introdueing

II lle%Vvariable l'or the exponent of e and retaining

only the first, or logarithlnic, term in the expansion

of the resulting exponential integral.

I;® A/_(y+I) .r--_ d#

S' (.,') (_.,,',%
-- 6 In\ 4_ 7

I":"" } (22)
--sl(r_ _,/_

W]lPl'e (' is Fuhu"s eonstant=0.577215665 ....

After the indicated deviwHive is taken, the tirst

tern, on the right: can be integrMed by parts and
rearranged so that tit,, tel'illS containing _ cam'el

exactly. The de_ired asymptolie form for n wing

of vanishing aspect ratio becomes

_t _t t

u (I--/1_.) ,"; (0)+:'; (.r)lnV3l_(v+l)eC" ]
-l _ --.ll'2_(-y+ 1)=-- 47rx 4r L- 4x -J

"' i,,'\_ i i"_S''(_,)-S''(_)
+:'; t*) In _ )+4_.. 0

+ ! a. [',_,,_ az
2r_:,/-,,(_) Ox in[ (?I--n)2÷ z2ldn (23)

]f attention is eon[ined to the surfnce of the wing,
it is sutlivienl lo set z--0 in the last term and

theret,y evaluale u/lr._, on the xy plato,.
As discussed previously in ('Ollllet!tioll with

equations (10) through (12), the initial condition

required I'm' the solution of equation (23) can be

fixed 1)y lhe presence of a shouhler at which the
velocity is assumed to be sonic, or it van I)e de-

terminet for a smooth shape in accordance with

the requirement that lhe solution be analytic at.
the singular point. In the latter ease it follows

fi'om eqqation (23) that for vanishing aspecl ratio

the singular point or,curs where S" (x)--0.

It should be noted lhal the assumptions used in

deriving: equation (23) break down if lhe wing is

not essentially slender. Thus use el' equation (23)

may le_d to equivocal results near a shoulder or

leading edge where the tlow is locally two-dimen-
sional i-i t'haraeter. I1 is to be hoped, however,
that su:'h a local failure will not invalidate lhe

results ,,n the remainder of the wing.

As al example o1' a ease thai violates the ('ondi-

tion of slenderness near the leading edge, consider

an un_,awe(t ret'tat_guhtr wing having a tinile

lea(ling-edge angle. In this case, as in any other
for which S' (0) is not zero, the first term on the

right ('auses ('v to vary as l,:.r, near x 0. Such a
behavi()r nenr the leading edge is not as a('*'el)tal)le

as the usual h)garithmi(, infinity indicated t,y

subsoni', linear theory, I)e('ause it. leads to a

logavilhmi('ally infinite wdt,e for the drag. ]low-

ever, a:- will 1)e shown laler in this report, lhe

pressure dis, ribtH ions ol)laine(l from equation (23)

agree v-,rv well over most of the wing wilh lhose
eah'uhth,d numeric,ally l)v use of equation (10),

and the agreemtmt improves ns the aSl)eet ralio
is decreased.

The failure of equation (23) to yiehl sonic

velocil3 at a shouhter in some (:ases will I)e pointed

out wh( never it oet'urs, but it appears to be highly
localize l and should cause no dillicultv in the

interl)rchttion of the results.
Prey tied that z, instead of v, is retained in the

last ter n, equation (23) can 1,e recognized as that

giw, n il_ refereuee '2 for a slender pointed body of

revohH on plus the additional lerm, S'(0)/4rx,

which ,s zero for a poinled body. The initial
('onditi_,n is de/ermined in lhe same mamwr I'or

wings _s for bodies 'rod the methods of solution

used in reference 2 can 1)e 'tl)l)lie(l for wings. In

general it is ne('essary it) resort to numeri('al

methods, but there 'u'e spet'ial eases l'or which the

e(tuatiotl simplifies and analytic solutions ('an t)e
found. For tristan('(,, if S"(x) is identi("dly zero,

"vll I"lhe restlting e(lualion is algebrai(', 'rod if S (.,)

is a constant, the resuhing ditt'erenlial equation

can 1)e solved t)y sepal'alien of variables as in tim

case ,)t' the ('ir('ular ('one-eylimh,r in rel'eren('e 2.
Althoug]_ at first glnn('e tlws(' appear lo be trivial
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solutions, it. will be shown on the following pages

that both have interesting applications.

SOLUTION OF EQUATION (23) FOR S"(x)=0

If S"(x) is identically zero, all terms on the

right in equation (23) drop out ex(,cl)t lhe term

containing S'(0) and the final integral term.

Thus, for '/ thin wing

. (I -.11_ _) S' (o)
l?_--:iI_(T+ 1) - 4_rx F[ (24)

I-- 1 0 ;2_ (d_/dx) In (y--_)2d_

S'(0) = S'(x) = constant

V(]I e 1"("

II n d

Application to a wing of rectangular plan form

having a wedge profile. Consider a thin, low-

aspect-ralio wing having rectangular t)lan form

an(] cross section and a wedge profile, as in figure

where the asl)ect ratio, A=2m, is based on the

entire wing area to x=c. Figure 5 shows the

x

FIGURE 5.--Pressur(' distribution "_t M:o -- 1 on wing shown

in figure 4; A=: 1/2, r 0.03.

pressure distribution at 3I_--1, compul(,d by

use of equation (2(i), on a wing for which A=l/2
,rod r-:0.03. In terms of the redu('ed wtriat)h,s

defined in equation (9), equation (26) t)ccomes

_,--2(_ =,_/r7 (27)

s

;¢

lPIGURE 4.--Low-asl)cct-ratio wing having reel.angular

plan form and. cross section, and a wedge profile with a

shoulder at. x=c/2.

4. Let lhc plan form and the sm'fa('e ordinales
he d(,s('ribe(l as follow._:

,_(,r) .,'A.r) .: mc=('onstnl,( 1

Z(.r,?/)/t =.r'c for (I < x< c/2

Z(x!/).,'t 1/2 f[),' x_c/2

(25)

Thus thm'c is a shouhh, v at x=c/2, forward of which

S'(x)-4tm and both S"(.r) and I are identically

zero. Sul)stitution into (,(lualion (24) yiehts, for

x<c/2,
) " o

, , 20-M_') A_ (2(_)

0 o

bp-2_®

l,'iauit_: (i.--1)ressure distril)uii(ms near 3[_ _ 1 for several

low-ast)cct-ratio rect:mgul:_r wings h'_ving w_'dge

profiles.

Figure 6 shows resulls ('ompuled by use of e(luation

(27) for several values of A. Note that the re-

quirement of sonic w,h)('ity at the shoulder eammt

be met t)y equalions (26) and (27) for a nonwmish-

ing wing of finite length, tlowever, it will h,,
seen 1,_l(w, in the ('Oml)aris,)ns with the results

ohiained hy num(,ri('al mcth,)(Is ft'om eqtmtion
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(10), that this failure a! lhe stmulder affects (rely

a very small region. It can l)e seen I)v reference

1o equation (23) that sonic velocity can be achiew+d

at the shouhh, r il" the lerm [S"(x)/'47r][ln(u'/_/r+)] _; 5

is reshwed there by an |hi|nile value of ,'. Note _o _ o:_

also the l/a:. infinity, in (',, a! .r I) leading, as
discussed folhv_ving eqttalion (23), to h>garith- c_ /

mically infinile drag. +.5 !t ,

Application to wing of parabolic plan form iJ /
ving a dianl ,n( _ross _c ,on. ( on der_ thin, o.v-aspect-rat it , ing h ,it ._ paraboli plat form

z A:_5

I Z

O5

[/./, (,-I+)

__._ ,__

having a diamond cross section. Consider a thin,

hm'-asl)ecl-ratio wing having parabolic plan form

area _,1' the wing ahead of lit(: shoulder, but r is

1.ills(,({ ()It lhe full chord. Figure S sllows lit(:

l+'](;um: 8.--]'r,,ssm'e ([isiril)ulion at M+ :: 1 on wing shown

c- l)r('sst re (tislribulion al 5//,_,= 1, comt)uted by use

of (,fl t nl ion (3()) on a wing for which ,l = #_, fIr . an(I

e(ltlaliotl_

Cv-+ 2(l--;lI_)/:ll=_(y+l) is prot)(wtional h) l/x

for a ixed value of y/s and there is no mechanism

for siwcil'ying sonic velocity at the shouhier:
¢',-+-2(I--M'_)/M_(U+I) is z(.ro t)n the center

line, o_zarilhmically inlinilc ul )I/s]--I and be-
come: indeterminalc as x +0. :ks (lisvussed follow-

ing e(lualion (23), integration yiehls logarilhmi-
c_ally infit,ite drag. No exI)erimenlal or other
theon/ical evidence is availal_le on which to base

an ev_.lualion of the pressures calculated by use of

eqllll|iOll (:}0).

Application to wing of parabolic plan form
having a circular-arc cross section. Consider a

[bin, ow-aspecl-ratio wing having parabolic phm

fornt _:nd profile and a circular-arc cross sect ion, as
in tig_m, 9. For ibis wing lhe plan t'orn_ is de-

scribe l by equation (28), but tim ordimm,s of the

surfa(', are spe('ilied as f(dlows:

Z(.r ?/)/t (x/2c)'/_(l--y-'/.s _) f,,r (l<_.r<_c/2"i:
f-

Z(,; !�)it = (_/2) (_-!/%'_) for .r>c/2 J

(31)

Fl(;Ut_:_: 7. -l,ow-asl)ecl-ralio wing having parabolic plan

form, (till, lllOll(| cross S('clioII, _+. [):trabolic ])rofile 'thing

lln,('enler line, andashouhhwat, z c/2.

and Ira)file and a diamond cross section, as in

tigure 7. l.el ihe phm form I)e described I)3"

,,'_(+) = .,'_(+) --me(x/c) ''_ for (|< x<c'2"]

x,(x) -._'_(a') me(l.2) l'z for x>c2 f (2s)

,un(l let lhc ordinah,s of lhe stlrl'a('e l)e (tescrilwd t)y

Z(.r y)/l (x/2c)t'2(l--l?L,.++) for (1_<,_<c/2

Z(.x. !I /'l = (1,/2) (1 ---y/'._']) for x,->c/2 J

(29)

Thus there is a shot,hh,r ttl X=C/2, alt(l forward o1'

lit(, shouhh,r S'(x)--_2tm. Sul)stilution into

C<luatiot_ (24) yMds, for .r_<c/2,

("_Al_(yq-l)-_--6fr(x/c) In \l+y/._l
(3O)

where the aspect ratio, A=3,,22m, is Imsed on lhe Again there is a sl+oul(h,r at x-_c/2. I)ut forward
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pressure dislrilmiion at .1L_ 1, ('ompuled I)v use
or {,{lmllion (32), on _l wing I'or whi('h .1 =3/2 mM

T 0.03. The r('sul( is very similm" (o (MI s(,(m

in tigure 8 for (h(, willg of dinm(m(1 ('ross scclion

'll](] []lO Sllllll_ l'('lllHl'kS '11'(" nl)i)l'Ol)PiM(,.

SOI, UTION OF EQITAT1ON (23) FOR S"(xi=CONSTANT

]t' N'(:r) is _ ('(mstmH the f()llowing sul}stituti()n

P('sulls ill n siml)lili(,d form o1' eqmlli(m (23). l,(,t

u {l--.ll_) N" JI_ :? ! 1)_" (:_;Q
G : l' --.11-2 T _ 1)-- 47r 1_, 4

Thi._ yi(,hls the e(luivM(,n(. (litt'er(,n( ial ('(lualion

FI(;I'RE 9. -I,ow-:_Sl)('ul-r:'_lio wing }u,,vimz p:..rM}oli(, plm_

fl)rm, ('ir{'uh,,r-_,,rc ('ross _'('tion, :_ p:_rM)olic pr(dile

PJollg lh(, ('(,lllPl' lin(, aim :_ Sll()lll(ll,P i_1 ,4; ¢,'_,

of (he shoul(h,r ,S"(x) (4 ,, 2/'3)1m. Suhslituliml

into {'qmltiml ([24) vi('14s, I'm' :r<_c/2,

;2(1 .,12) __ .'IT {',1"("('/,
J/: ITt ) (:,Tr._('

tP2_(,,./c)_.,.I, I -._ t ,,/,.,._ {;_2)

wh{,rc the aSl)(,('( rnlio, .1 ::3(2m, is t)_lse(l on lh(;

m'(,a of (he win_z _h(,,(l ot' lhe shouhh,r, lint r is

bas(,d on the full ('hord. Vig'ure ll) shmvs t],;

A=I5

r= 05

5O

c_

.05

]"[(;URE 10.--Pressur(, di_Iril)ution a( 31_--1 on wing

shown in fi_,ur(' !); .4 = 3/2; T = 0.03.

l /dG_ 4_rV ,, ,S"(0) N"
,,(;. 4;1,, :r

--2_0.r, ,_,,:,0/ln
()1'

r hr(Q_ .".',m '_ I]dff L .v, -.,..,,.,,.,,,,
,I.;' -- " _ .)

This ea_ t.' solved by S(,l)ar,Hi(m ()1' vm'i;_bles,
yi,h liu.,.z

{:_4)

• r ,_"' (I) :, ]_ 7 "_

(; =- 4_r 1_ --,,,;,, "'_" d r_
• 2"

• ..)

(:_;_)

wh('r(' ;r, is (h,((,rmin(,(I in a('('ordan('(, wilh the

ruh,.s l)reviously slal(,d in lhe ,_(,('(i()n on ini(ial

conditions. 'l'h.(_ (h,sir(,(l {'qua(ion for u/'(,"_ is

ol)t)fir_(,{1 l)y {:c.)M)iuil_g (,(lU)_.tion,,:, (35) ]m{l (3:}).

I ° N" :112 {V4 1)d:u --.112 ) In -

,,,,, f r. r..,,,,,,.,q }
_ L_._"-_,, j

---,17,4_r In ] ,4 .1,,, xle ,tJ'_ (;/a

Application _o a wing of rectangular plan form

having a circular-arc profile. ('onsi(h,r a (hin,
Iow-asl}ect-ratio wing having a r('(4.ngub_r phm

form and {4"oss s(,('Iion and ]_ ('ircu]ar-.rc l}roli](,_

'_s in figure II. l.('t (he l)hm form and surface
or(linat{,s b{' d('s('ril)(,d as follows:

."_0") .,'_(._:)_,_'= mc ('o)L_la.( '/ (:_7)
Z(xq)/'l 2.rc--(x'e):'] l'()rO<;r<cF
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A:5
T : 03

where the integration with resl)e('l, to x_ is carried
rearward l'rom the leading edge. The resulting

expression for the pressure coefficient is

"2(1--,11") 4Ar [_l_(-y4-1)d'A:%'] SAt

+7 E'__)',,('+_)+('-_)",(':0_
4Ar,,1_(27__ _ 1 (17) _.... 1)e-'/:*--7_ l'.'i -- (4(I)

7r

_.'t..] 11, i' O

--E;(--.) =f" ex,-',d.,>0 for 0<.<

o
and 7_d'/tc Itl]_(l }))'h(_Z'tJ_l(J aspoet z'alio, A=,.tn,

is based on lhe (mth'e wing area to x--(,. Figure

eft'

--%

tq(n'*tF 12.--Pr('ssur(' distribution at 31_-.1 on wing

shown in figure 11 ; .1 = 1;'2; r: : 0.03.

12 stows the t)ressure distrilmti(m on a wing for
whivh A=l/2 and r=0.03. In terms of the re-

ducel variables defined in (,(lU.ttion (,q), equation

(40) becomes

Q-,,_ = 4A1,,_,,_)+ W l,,

;E'? ('+_),,,(,+¢>+_:,-:),,,(,-_>-I
-- p ,,,-' (,)_

Figt+re 13 shows results computed by use of e(tua-

tion (41) for a nutnb(,r of spanwise positions for

scwral values of A. Later in the report these

will be compared with the results ot)tained

numerically fl'om cqualion (I0).

F{)r very small Y equation (41) can t)(, simpli=

[let] by tJ)e use of tl)e /h'st b.w terms of the series
for - El(-- 1/27).
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_=20
/ • ; 03

£

-- 2+T 4.7{1n [sT:+(l_ . .)]

(:,)e:-'_--2-L(I-FY_h,(I+(_)+44 []. T..__r ,,. ,rr / \ s ]

-F(, --_) I,, (I---_)] (42)

from whic]l it ('an t)e see. that there ix a 1/x
singularity at the leading edge. Tlms, in this

case also, the pressure drag is logaPit.hmically
infinite.

Application to thin elliptic cone-cylinders.-

Consider .t delta wing of elliptic cross section as in

figure 14. l_et the plan form and the surface
ordinates 1)e des('vibed as follows:

.,' (,) =s,:(.) ,s= 7.x

Z (x,y) . t= (x/'e) [ 1-- (y/s)-'] I/2

z(,m)/t 0f2)[l- (.,z/.,')'] '/'

1
for 0 < x < c/2 _- (4:0

Jfor x'.>c/'2

FI{_VliE 1-t.--Thin ellil)lic {'{}ni'-cylinder with :l shoul(lor

_l_t g = ('/'2,

Tlius-ihere is-a shouhh,r itl x--e/') and forward
Of l]i(_ shotlldeP

N'{s) 2rmt(XliC), N'(O)--0 1

S" (.,') = 2_,+,-

I= (S"/2r)ll +1. (,+*/'2)l

(44)

Sut)slitution in e{luaiion (36) yMds, for ae<q'2,

_* (1 --.11_,') __ mr In _1I_ (y+ 1)e c
2 M_ (v+ _ )- 2 4----

}mr in xtc 2{l+ln {msli2)] (/J-'l (45)
'2 1_ , _-

'With the ro{luirenient ilia! (u/l_)--(l--31+e)f

:11 2(T+1) is zero lit the stiouhh,r, lhe resulting

eXl)l'ession for t,h{, I)ressul'o ('oelth'ient_ is

(, a_2(1 --MI)

V" 32 In (2x/c) -]
= - 2 ,,_, + ,,,r i,, Le-- -/t 1(-q+ 1)<,_'7,,,_:j

,It . Ar. f., (2) 't hi !2.r/e) 7] (46)
_- V + 4-"' L +- +;t'_(v4:l)++.,t:*+j

where the aSl)e{q rat i(), A=4m, is based tin the

li.l'Oll of lhe wing ahelid of the shoulder, but r

is based Oil the full ('hor{I. Figure 15 shows the

l)l'eSSUl'e dislril)ution, (,onll)UlO{I l)3+ use of oqua-

lion (4{i), oil iL wing for whi('h A--2 liti(l r--0.0:{.

Oil iho +tl.liiO _gtll'e is +howII oipoPiliil, litit| dail+

olitltined bv Page fi'oln It test ill the ;titles 2- t))"
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O" _ r _ 03 IO" ' e,..'_o.., r:.03

\ q (46) _'_.,, Eq (46)

i:;p _ J'l - o E×periment rel _ Cp _ --0 - Experimenl, ref 9
' "_ _ (Cocrecled for tunnel

05 "_ I 05 ,iX._a"a_ I nter fe,ence)

o o-
• ,, ,.._

FII:IIII.: 1,'). "l'}leOl'otical and pXl_el'ilm'nl:d ])ri,.-:-:llro di--

triimtion at 31 1 ml win_ shown in figure 14; A :2,

r: 0.113.

2-Foot 'l'ransold. Tunnel (see ref, 9). 'I'1., ag'reo-

mont, is tml very ,.:..od. llmvevev, Page calls

nllenlion to llw I'ncl lhnt signitit'nnl tunnel wall

intevt'ermwo was present in the losls ill the 2- by
2-t'ooi tunm,l e','on lhou,.'h the mo&'l used wns

quite sm_dl, .'_.5 inches I'.'.m apex to shoulder.

Ahhough the tunnel illleH'en'm'e ell'eels on tim

thin ellipti. COlte WOl'(, 11ol evnlunle_l din,vii v,

l'age tesled the equivnh,nt hody of revolution, n
7° circular cone-cylinder, itt the Ames 14-Foot
'l'ran,_otfi. 'Punm'l ns well _s in Iho 2- hv 2-t'oot

lunm'l a.d t., argues rvom the l)Vit..iph, of thin-

s.hie equiv_dom'o thai the inteH'erence efl'ecl_

slmuhl be the sntm' on lhe wing. This is further
sul)slnntinled by the t'_wt l]ml the differences

between his oxtw,'imen|nl resulls for lhp lhin wing
and the circular com,-cvlindm' in the 2- by 2-foot

tmmel nn, in ngree]Jwnt wilh I].' eql,ivalem'e ruh,.
Since ndditional tests o1'the cirmflnr cone-vylimh'r,

reported in rel'erem'e 10, indicale tirol tho results
obtnim'd in the 144oo1 ttmm,l correspond w, ry

closely to free air condilions, the eorreclions
dm'ived from COml)nrison of the lesls of the

circular cone-cylinder in lhe 2- by 2-t'ool and

14-foot tunnels re't, applied here to Page's dnln for

lhe lhin elliptic wing. The resulting vorrevled

pressure dislribution is si_own in tigure 16 in

cOlnlmrison with the s_mw theoretical l)ressure

,_s in figure 15. The agreement is somewhat

belier nltlmugh _t lmtrked discretmm'y remnins
m,nr the shoulder. In considering this discrep-

12I< I:l._l,:, lO. g]teoI'elie:tl :tnd ,:'ol"ruel_'d i,Xl)t,rilllelt'i:t.1 I)l'*'s -

sure _ islribulitm aA ,1I,= 1 lm wing shown in figure 1-1;

..1 2, r 0.0::I.

am'y, it should bt' rvltwmln,rod lhltl eXl)eriment_d

results misloJmwily show sonic vehwitv o('eurring
SOlllewhlll, f(wwl/rd of the shouhhw for (.irculnr

.otw-., limh,rs nml two-dill.,nsiozml wedge nirl'.ils

as well ns for the ollipli, c,..'-.v]it.h'r sh.wn

}ll.'r/'.

The transonic equivah'm'e rule gives the rol-

lmving n,htlion In, tweon the pressure coetlieim_l
on lhe thin olliplic yore, wing nnd tirol ml the

surl'avc of tho equiv_dmH vir.uh.' _'one-,'ylimh,r.

(See n'f. 11.)

r ',, --_' ',,,-- mT[l i ln(,_/4r) l (147)

where hesul_sm'ipl II'indivnlesthe wingm_d the

subscript ]; indivntes lhe tin,Iv. Nole thai r in

fin' prewnt report is lhe snnte as 1/21 in reference 11.
A cwresl)omling exl)ressim_ in flu' present,

_H)l)roxmmti(m can 1)e ol)laim'd I)v sut)tra('lin a

from 1 )e solulion for the wing, as given in e(tua-

tion (4{i), rite solution for lhe equivahml cirmflnr

cone-o:linder _s riven in ret'erem'o 2. There nre

two l) trls to this cone-cylinder solution. The

exl)res.-ion nt)l)lied to the l)nrl of the cone from

2;r/_ = !'_ lo 2.r/c --1 is tim resu]l of solving equation
(23) f_r the virvuhtr eone in much the same why

as it is solved horo for the wing. The resut! is

, ,,,

ln_ °" 411-- ('2:r/c)2]
o---_l_.(.r+l)e<,02 }--9 2 (4s)+0 _

t
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where 0 is ihe half apex ang|e. Since inveslig'a-

lion of this expression iiMi('.tes u'-÷0 at ill(:

apex, whi('h I)rot)ably means that the results

obiaiile(l froin it (let(,rior.t(, .s x- >0, i( is )'(,('oni-
ni(,nd(,([ i)i reM'(,n('(, 2 (hat _i sohilio)i based on

(lie (qos(,ly r(,lat(,(l "(,llil)li(V' ui(,t)iod l)(' used

i.si(,a(I for the forward par( of llie ('oil(,. ]l is

possihh, (o join (]le two sohi(ions al 2,Cc-L_,

nmt(:lling both (lle vahm aml (he slol)(, of ('p a(,

(hal l)oint. Th(, (,Xl)i'(,ssi()n given in r(,f(,r(,iwc
2 for the l)ressu)'(, (lis(rihmion on th(' ('ir('ul.r

('()ne-('ylind(,r froin 2x'/'c --0 1() Zr/'c _(_is

, , 2(1--.A/_)
' (2;_')

[=I 6(2x/c)(I -- 2a:/C)=]_L0'2(I --(i,_/'c___ 0,2
+o-'1,1 L _i7;_.i.y-i_i);'o_ d-2 _.__2_.,',./

(49)

A r(,laiion l)(,tw(,(,n ('_,. ;i)i(l ('.. in (h(, l)r(,s(m(

al)l)r()xiin.iio)i ('a)i now l)e wrilten ._ folh)ws,

sin('(, for a)i ('quivah,nt winl_ aim l)o(ly O:=mr:

O_2x'c < 1,,,,":}

"" \.-if/l- 2 I-2.,v_./

1,,{(_,..2"_']F'u-:;:.'L (v _ _),.",,._,_-:_2(_4(_=2;./i,) Ii, (2:r/c)-] _•

(So.)

l/3G 2x/'c__ 1

OI

04

I

04
2 4

_r

C

[ '7

i _

6 8 io

Fi(',illii.; lT.---Th('()ri'lir:,.l :_nd (,xl)(,rinl('nl:d (ti|]'(q'l,ii(.(,s

I)('lwei'it lh(' ])l'(',_lll'l"_ it:t .]/r,_ : ] OI1 _1 lhili ('llil)li(' Ul)lll'-

('ylilid(T (.I 7 _lUl _ 0.()3)_ :uld ()1l its ('(llliV:li('iiL

('il'('lllzti' (q)ll('-('V]i)l(l(T (0 _'o).

li_ihh,, UlliOlllilhlg 1o Olle fourih of the (liff(,r(,)l(.(;

i)(,Iw(,(,n (,qlliiliOli (;5()a) iiil([ ('(tllllliOll (47) ill,

2.r/'C l./'10 for this whig. |l (!Jill l)(' s(,(ql fl'()lll the

('(luliiioils ttlii(. (h,('l'('ItSilig the i]li('kli(,s,_ rlilh)()f

liie wing resuhs in exl(,n(iing fllrt]ier forwiu'(] lh(;

r(,gion ()[' llT'r(,eiiii,nl. Tilis is ilhl,_(rai(,d hi liglu'(;

IN wiii(']i sh()ws t.iieor(,ti('a] l'(,sult,_ ['or li whig of lhe

Sillll(, plan fOFlii hu( of Olle lhir(t llio lili('],;n(,._s

rlil io.

/;q '

{(i:(), r 1,,(2,,,,.>l\. L4M 2 (V+ltd',,_7_l(i(1 _4/,.'chJ d

(s01))

In figure 17 tlle result of ('onipuh/iions in which

(}lese two equ_dioiis were use(I is shovcn logel,her

wit]l that, ol)i li.ille(l l)v rise or eqtlatioii (47) illl(l Wit ]1

exl)el'iilltqitlll (hda fl'Olll l'('f('l'('ll(_(, 9. E(]/llitioll

(5()})) iS l lieol'('ti('ally (_oI'I'('(!I, Ill th(; SilOtl|(ler Sill('(_

it, r(,sulis in sonic velocit,y there wlih_h ec|ulliion

(47) does not, (Io. The pl't'SOlifD l'('slllt,s il_l'('('
reasoilab]y well wii]i equa(io)i (47) for it little dis-

lltii('(' foi'will'(t of (lie sliouhh'r, 1)u( (he differ(,n(_e

hioreltse._ wi(h lhe lll)prou(qi 1o lhe )il)ex where

equalion (50a) silows il ]ogai'ithnli(_ inlhiily. The

a(|vlintllge gllined 1)v use or e(tlhll.ion (501t) hlsleli(]

of (,qUill ion (D0t)) for 2.r/c __ 1/3 is sinai| l)lil nol ii(,7-

5788S3--61--3

[ T -]I Eq (50)

[ Eq (47) •

t

The t)i'(,ssur(, drag, 1).,, of the thin ellil)(i(" (_'OiiO

whig ai ,l[ 1, ol)lained i)vhllegrillhigover llie

])llili forlli the l)ro(lu('l of l)l'(,SSUl'i, ('o(,Jli('h,nt given
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by equation (46) and surface sh)pe (h,i'ived ['1'()111

equalion (4:0, can be expressed as folh)ws:

nmtion has not I)(,(,n deh, r,linetl. The curves in

figure 9 are lermimded 'it the h,t'l in ac('or(hmce

2( 'l,w da" dq
2 . . cDa; '

W

=D_TqJm'r t }2 e

{-m [- 1(_ dJ (al)

whe,'e I),, is the ('onlvibuth)n to the drng thai
l'(,sults rronl (lie It,it(, radius of ('urvatur(' of th(,

h,nding edge. In r('t'eren('e l l an ext)ression is

given fi)r Iht' diffcrt,nct, ill drag 1)elwe(,n lhe lhin
(,llil)li(' cone wing nml th(, equivaleuH body of
r(,vohHion

'l'h_' rttrrt'sl)miding equa(i(m in [he l)resent a[)-

t)r(ixiil.iiit)ii is

'>7 E 1)/_":_'-]__1 1n 7ti__ln (y t _c,)+l_,<',-',,,:_,,;

_soil_( 1(_ jj /

Ir mar is very small, lhis can t)(' al)l)r(_xiilmt('d as
folh)ws:

4 6 8 I0 20 40 60 80

Equivo!ent body of revoiution

8

x < _ m=8

= 1225 ' r: 01875 [

-no_ -- -

lq(;t Rb; lit. Va,'ialiol_ with plan form and lhi(.km,ss ratio

of I}1_ pr(,ssurt! (h'a_, trot in(.lu(liNg ('din' ell'eels, f:w .llip-

lit (':l w-t'ylind('r wings Ihal all h:tv(' 11., s:m.' equivah,nt

I)t_(13: (>f r(,vt41HiolL

with tim nssuulp(it)n of a thin wing. At tlH' oth('r

elld_ 1]_(' ('III'VPS lll'(' t(q'lllilililAql ])('t'llilS(' l.]l('y W(q'e

('onil)Hl('d [or lixed mr and lht, nSSilinplions nilide

in arriving tit eilher e(luliih)n (52) o1" t,(lllliliOll

(53) i'_,(tliii't, lht, iisl)(,l'l rnli() (if tit(, v¢ing Io ]m

snilill.

4r !

NUNIERICAL SOLUTIONS FOR RE(_TANGULAIt

WINGS

leigur( , 19 shtiws (I)w--l)_j--l),.)/q_(e/2) e l)lt)ttt'(I

ligliiliSl ,'*I/r t'or mr--0.()15. Hole thlll the ('tlt'VC

('Oilll)llllqi }iv list, o[ e(llliIliOll (SO) lllid lhlili ('o111-

] )lll('d })3' list' Ill' ('(lIlltlit)ll (a:{) (lil]'er t)v very

nenriy II ('(iliSllilll ItlilOllli[ Its shmlhl he ext)e('ied

I'l'lillt t.tiillparison of e(lUillioli (54) wiili equation

(52'). II is l)ossihh' lhill SOliil' (ll' the dilrt,ren('(,

nohq[ hi tigure 19 ililt)" hIivt, it (,ouiilerplirl hi li

ditc[tpl'l,ll('e hi ])e its lirrived llA I)y lh(, lwo al)l)ro.\i-

nilllions, lit rt,l'eren('(' 11, I)_ is evlihlnl(q[ ils hi

]illelir lhl,ory ail(] is e(llliit 1o ,'q:.V_'_tct2) '-'. Tile

Yllhio ol' l)_ liptiroprillle io the t)resent, lll)l)I'()xi-

For n i'o('lalit.[llhll' Wilig willi liO sl);iliWist' viirili-

t.i(lli t)[ Z equiliion (10) })(q'Ollll!s

1 0 _4(Z't) ,1_ d,_
77 } ,_,_ :--2_rb7 7'=(,,,,,-t J,, d_: , ,'7

,,,< J"* <.%`>
[ntegr:dhm I)y paris i'ollowed I)y the subsliluiion

of li, ii,!w Vlll'iiil)l(! for lhc (,xl)Olit'nt, of ;, resuils in
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(S6)

"iV [ I ('|'(_

,,rt' C+')- 2 l|',-- _: (_ -z 1" (t,1,1

_, 'Tr ,_'[I

API_LI(!ATION TO WEDGE PIIOFII,E

('(msiih,r a rt,('languhu' wing of w('dge 1)rotile
for whi(.h the plan form and the ordimHes of tim
sm'fa('(, are defined us folh)ws:

•,', (7) :_,, ;,(.7) =_.2

Z,,'t 7 and d(Z,"t)/d-;=l

Z/! _ 1/2 and d(X/t)/'d.7 : )
for 0<3:<1/2 t
for 1/2<7

157)

Thtts lhc wing has a shouhh,r a( .7--1::2. Sut)sli-

tulion in equnlion (56) yM<ls

.+L=- 1 ,, ..[_'.-t ._ /_"_
-_, "\ 2 X,';:)w_fl

+,,_- /,+,- T/ /Y'CI""' t -2 V

wh('v(, the s(mi(' l)oinl is assum(,d to occur at,
7 : l ,"')

It follows thai for a fi,lit(,valtwol'_lh(,lwo-

di,u,nsiom4 t'('_,41 given in eqtmtiott 115:) is ()b-
tait,('d if ,_'_=+_..... Ii also folhw<s thai (h(,

r(,sult for th(, It I) of _t s(,Iui-intinil(, wi,% ,,iv(,n int-+

+'(lttali()tl (19), is olHain(,(I if !t .','i----0 un(I 7e oo.

Ftu'tht,rmort, for low aspect ralio tim r('.'-;ult

al)l)rOa('hes that viv('n in ('(Itmtion (271).

Ft)t' otht'l' case.+,a mmwrit'al st)lution is re(ltfirt,d
and it is uonvenicnt for the lmrl)os(,s ()f (ml('ulalion

t{) make lit(, fullov,ittg sul)stitutio_:

thus

I.,H }+-t= (Zt + _)/'2, )'_= (7u--.7,,),/2 ]

l+,('l, iT+= (_",'/_)1,2 SO l+h_ltl, "_,_1.+2:'_ _ (59)

L_,t II',=(,rf (I'lL), /=1,'2

d I 1", d7 = (2/_ ;-) Y, _- (Y,s)'- (d LilY)

Equation (5S) thus 1)(,('omcs

_q-+,,: _- (It] 4 II+_),2.71,+__: 0;0)

From (his ('un 1)e obtain(,d a diff(,rentiul equation
for L in a form suit uld(, for convcntiomd met hods

of mm_erical solution

,IL L _ _:(2 ,+_ I,:_T_-W, -- il:,)

;L7-7: (:r(ii;, ÷ ll:,)-2L[)+,,,-':",":': ..... :' "'+_-pJ :e :++ J+

((u)

This is 1o h(, ilHegrale(I I'orwurd fr(m_ (he sh<)td(h,r

wh('r(' 7--I_ ,rid 77tL--0. Ilow<,v(,r, al 1hut

i)oitn 1.--0o, so un amtlyli(' sl:trl is rt_qt_ir(,d.

This ('an hc <)hlaitw(I from (,(ttmlio)_ (60) on the

asstm)l)lion lhal I1": 11"_7 t,.., near 7:-I_. Eqtm-

lion (till' ('nn thus t)e inlegmtted t() give tt t'(,stdt
t_sablc very near 2--?,_:

- + F:+(W.- W,) _' (27)]':''"++=L 4+ l,t ((;2)

This t,(ltmlion (.omtfin(,d with (,(tu+tlio), (61)) en-

al)h's ('a[('tthtl[on of L ttt't).l' :7 _ for' use in (_'qtmtion

(61).

For tlw lmrl)oSe of ,,,avhim, UOmlmli_wd , tlw

setHi-intiniie wing is made into a SlWda] vase of the

l)rt,<'eJing I)y h'tlin_ )',2---Ill0() ttll(] l('lli),g ;t 1)
s() lhal )'_=_")J'_IC)0(). This Ires the Nr(,<.l of

nutl,:ing if',2= I uttd )'._ <Y-+]'_+:-0, thus sin,l)lifying

Iht' (,<ttmtion but iw.,'tuittinv the 1)robh,,n to h(,

solved in lh(' sam(, way as l)(,l'or(L

l'r(,limitmry ('ah'tdatio)ts of _+_+ w('r(' mad('

1)y lit(' m('tho(l of is_)(']in('s for th(' two cases shown

itt figtH't's 20 tm(I '21. I_](tualiott (58) was us('(I,

tog(,th(,r with tit(' analyli(' start given l:,y e(luation

(62). 'l'h(, nwthod of iso('lin(,s is v(,ry us(,l'ul for

ol)tainit)g (imtlilative inf<)/'nmlion <m the mtttH'e
c)f lh(, solutiot_ and is, m()r(,ov(,r, (,ntir(,ly l)ra(qi('ttl

for obtaining (lltantilntiv(,)'(,sttlts l)rovi(h,<l that

o,dy ,t li).i((,(l nttn_l)(,r of vases is r(,(luir(,({. As

can be seen rrom eith(,r lit(, e(tuatio/_ or tit(' tigur(,s,
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O' _ I 2 5 4 5

I ]q (62) ' ,_..... {

/ - j

/ i
-12

-16 .......

1"1(;I RE 20. [lhls(l';lli(lli of _,.'aphic:d lpchld(lm, for :-,t)|u-

li(m of e(lU:lti()n (5,";) f(ir one sl.atimi on a s(,mi-i.finite

wirlu having :_ w(.dge profile.

2 _, 4 5
I

I
e - Eq 09)

I

5'00
, ,m

8

l

.... EQ 162)

i

Fu;z k_: 21. llhz,_lr:diozz of g_';tl_}li(':ll l('c/Hli(lu(' f_r _:du-

tion of C(lilliliOli (SS) for oil(! ,,,latioli on a win_ of finite

_l):m havill_ a rt'ctan_lllar plan f:lrm and a w(,(l<_(, l)rofih!.

the r(,hlliou between _ nnd fi.', mmu,lv b-_/b_'_(),

is such lhnl when lhc inlegralion is carried for-

wnnl l'r()ln lh(, shouhh'v a small error ,i one l)()iul

h, mls to _ smalh,r error _1 n more l'orw_u'd l)oint,

the error decreasing as the integration progresses.

The resuhing curves are the same to thr_,e signifi-

('III1( tiguL'es as lllose ('lil(.'tlllilt'(t fill' imp sIIIIIC ('llsP.g

I)y use of the eh'elL'oni(' computing mar'hines.

Pressure distHI)utions at vario,s st)nnwisc

positions on a semi-inlinite wink and on tinite-Sl)a.

wings of st,vernl different aspect ralios were ('al-

euhtted on lhe ele('troni(' ('omt)uling tam'hines for

l'e,'tanguhir wings ]roving wedge profiles. The
n'esuhs are listed in labh,s I and II and ilhmlrat.ed

in figures 22 lhnmgh 24. The asymt)tolic values

for hu'ge mM small aspect ralios are shown on the

tigur(,_ where, al)prOl)riat(,. It ('an be seen thnL lhe

_lgr(,ement is very good at l)olli ]ililits. Notice

lha! lte errors inlt'odu('e_l Jut ih(' h)w-aspe('t-ratio
apl)ro>imalion I)y liu, m)i-_o-sh,nd(,r n,gi()lis of

hm(linl: edge aml shouhh'r are liinil_,d 1o lh(, ini-

m,.dim_, m,ighh(_rh,)od or lh(,s(, regions _,ml l]ml

the er'or nl lhe sh(mhh, v is f)artimdarly s..all i_

(,ill'Ill.

AI'I'LI(:ATION TO CIR('ULAR-AIIC I'ROFII,I_

('onsidm' a rectanguhu' wing o1' cir(.uhw-ar(_

profile for whMl the plan form _md lh(' ol'dimltes of
the surt'm'(' nre defined I)y

_,(:7): ;,, ;:(.7) :=;.,

Z,r"t: 2(,7--.T _) [

d(Z,!)/d7 2(I--2Y), d(Z/t)/_G_= ='2 [
I,) _ / --,)

d'(Z t)/dx- --4 ._

Sut)sl tution in equalion (56) followed by an in-

tegral,on 1)y parts yields

'2., 0, [';,,,,(
- /_-_ /_>\-l_, ___,

+',;,,,-rk '-' )J ""

;,+_ F_(_' _(_,+r?l
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(a) (b)

(c)

_: I0
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2
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#
) I .2 .5 4 .5

(d)

n, I .2 5 .4 5
v

__.___-----,-----

I

Jp-2_®

2

i

;,'%
, "10

"-Eq (41)
[

(e)

t-p- 2G

2

3

2 3

_"0, y'_/s

,_--'95

_-Eq (41)

I
(f)

/r

A-: •2

4 5

|_'[(_VRE 2;{. lh'essure distributions for fitdte-Sl)alL wings of various "tSl)cct ralios havi_g rect.u_guhtr l)l:m forms and

wedge profiles.
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where

_lq/(_x) =£ _ e -r'
'/!i

For other cases a numeri('nl solulion is required
and it is ('onv(,nient 1o use the sam(, sut)siilutions

given in equaiion (59,1 wilh the addition of

This is a case for whi('h the necessary inilM con-
dition is 1o l)e (Mernlin(,d Ity th(, r(,quiv(,nlent o['

analytMty. For a It)lilt, vahi(, ol'ff nn(l for .V,--

_,,=_ the lwo-(limensio)lal resull given in equa-
tioli 117) is ol)tain(,(l and 7,,--Y,*=14. If.)7--,_--0

and _2=oo the result given in equation (19) is

ott(aine(l nnd again 70=7"--3_. Furi]wl'm(tl'e, f(n"

h)w-asl)e('(-ralio wiligs (tie l'(,su]( giv(,n iil (,qua(ion

147) is llpl)li('nt)l(,.

I',= --Ei(--Y_L:), i-- 1, 2 (65)

Equation (64) thus lt(,('onl(,s

4.7--1 +4_7+.e =._ (11"_+II21 (}'. I'_+ )',.IL) (66)
L, F "% 7i" " _ " ""

I len('e

dL L x 7r(L:_7_?/e--Ill--W_)

d7 Y{ (1--47_ g'(ll'. + II'_) _ 2LI )" e=( V;L>:+i;7,_=7_%_:_
((it)

In((,graiioil is Io l)e ('nITi('(l foi'wnr(l and l)a('k fronl

the singular point (h,ternlin(,d as (lis('uss(,d ill ('(tl)-

neclion with (,(lualions (11) nnd (121. This l(,a(Is

to tile following set of siniulla)i(,ous ('(lunlio)Is ill

whi('h lhe subsw'ip( o iN(li('at('s v,lu('s nl, the

singular point.

L,,= 01; o+W_o)L<:77.(,_)','(' ]
/

7<, l/4--L.[)'_,e-(v.d _.):

+ )*_oe-()'_0',o"]/:__:(! I; o+ w_o) j

W[IOI'{ _

ll',o=(,vf ();oL.), ; 1, 2

Th(,s(, ('nn t)e solv(,d nunlel'i('nlly lty il('l'ation.

As dis('uss('d l)veviously f(>lh>wing ('(lu,l ion (12),

equation (67) is i)Mel(,rnlinnle at the singular
point, Y'o, nnd in order 1o start a nlun(,,'i(ml inte-

gration using ('(luntion (67) it is n('('(,ssnl'y 1o
/- - *" r • •evitlunle (dL, d.r)_=7 =1.o. tins ('Itii 1)e (h)ne ttv

taking It dei'ivalive wilh i'est)e('l 1o 7 and liilll,;iiig

tlS(; of lhe liS_lllilplioli liiai the li(,xt ]ligher

(h,rivalive, L'o', is flnit(,. This i'esuli, s in the folhiw-

ing (lun(h'Itli( ' e(lultlion ['()i' L_:

<7(L_):+b( L_)+c=O ((;,,))
W}IOFO

a= 4[ Y_,,e- m"<'_: + )'_<,e- (r"-,'L">'--rY 4o( l --4Y,) ]

b=--2rLo(Yo)'2( l + 47o)

c- -- a_Yo(L,9='

If a(hliiional (h,l'ivaiives Itl'e (h,sii'ed lhcv Vail t)e
['Otlli(l by I'('[)(qtliilg lhis I)ro('e._s.

F()r the ('onil)uiing nia('hhl(,s, lhe s(qni-intlnit(,

wiug is lllil(l(' into I1 sl)e('ial ('llSO o[ lh(' ])l'(,('(,(ling

by ]oiling }',,-- 1000 Itll([ ,_l=0 ,"411 lhnt }'_ y,/2_

10()(), its was (lone for lhe wedge prolih,. This hltS

ill(' (,tr(,(,t or lilltkillg 1_--0 lili(] l'l- --1¢7(--_2L-'/4),

lind wil,h lilts nolation e(tunlion ((i(i) l)(,('Oliies

_% _-- [(4Y-- 1) (I1"_q- l)/LT-_'_rlq 14 }'l I "i/<_r) (70)

Tit(' l'(qnllin(h,r ()f (tie I)rol)h,nl is hnn(lle(l in ih(,

SillllO Wily IIS Ill)ore. ]h)w('v(w, for lh(' i)ui't)os(, o['

hand ('Olll|)ulalions for li s(,iui-inlhlil(, whig, equli-
lion (6("4) ('lilt t)e wi'itten hi [)al'alilell'il' rot'Ill, il:':,

folh)ws, l)y h,tiing )'iL _I.,"2- Q:

)"°=5"I2=?"7"(_)'""/(W'°+l)''a } (71)
7. l/4--[Q,,e-'g,/'2 _r(ll;,,-+-l)l

Again Its ill tile ('its(, of the wedge l)i'ofih ,, itre-

liniintiry ('al('ulnlions of 77-t-_ wert' lnll(h, t)y the

]ll(,lho(i Of iso('lin('s. For lhe s(,nii-illfiliile v¢illff,

('(lililli()ll (64) t)('('Olli('S ('qllnlion 170) Itll(I lh('

singullii" l)oinl is (h,l.ei'nihi(,(I I)y use of (,(lulilion

(711. For lh(' [li/ii('-si)nii wing, the it])ltrol)riltl("

('qllltli()liS ill'O ('(lllltliOll 164) OV (liB) illl(l (,(lllltlion

(68). Tile resulls, s]lovl,-ll hi tlgilres 2;5 nll(I 20,

illustrate grltphical|y lhe ll(Ivantnges of sial'ling

sill inlegriith)n iil the singullu' l)oint. A slight (,ITOf

inlro(lu('(,(1 l,h('l'('lifl('r (Ihnhli,_h(,,_ Its lh(' iltl(,gl'ltli(-)ll

progi'l,ss(,s itwliy frolii lh(' siligliiai' ])Oilil,, It ('lilt

])(, s(,(,ii lhlll iliis behavior is intl(,i'(,iil iit ('(|/ililioii_
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ll|ustration of graphical l(,('hniqu(' for solu-

lion of equalion (64) for one stalion on a S(,lni-infinite

wing having, a cir(.uhtr-arc profile.

(64) ltml (70') since b_7/_)}7' is positive I'orwlu'd of

the singuhlr point mid n('Ddivc behind it. That

the chluigc in the sign of _3fi,/077 ' lit the singuhir

point is II ];roperly of equation (l(l] is shown in

equlition (12) wh(,re lhe singuhtr point is idenlitiod

by i3/'6I'=0.
[)rl,,,-lSiil'e dislril)ulioliS ill Vltl'iOliS sptliiwise

lilisilion._ lin il s/,ini-hifinile wing nnd Oll [hlite-splui

wings of sevei'lll difl't,rl,iil lisl)ecl i'lllios Wel'(,

('lll('uhiled (ill tile eh,ctroiiie conipulhig nilichhie._

for I'eClltiigllhir wings hliving t,irl,llhir-ltrc l'rofih,s.

The i'eSililS Itl't, listed in llihh,s I!1 lind IV lind

illuslraied in figures 27 tlli'Oligh 30. The lis]qiil)-

lotic vlihles ror high iispe(.l riilio lire shown in

ihese [igUl'eS, I)ul in order io delnonslrlll.e tile

degree lif llgreeinent for low llspeet i'Itiios the

results ilro shown sepiu'iill'lv in explinded ['ornl in

figure 31.

For lhese wings ii is iill(,l'l,sliilg Io see how lhe

sonh' point, lilid singuhlr poinl vlirv with splinwise

l)osilion llnll with aspect nliio, lgigui'e 32 shows

ihe viii'iltlioli ()r liie 1wo wilh disllliice froni the

lip for llle /,ltse o[ file seini-infiniie wing. The

singuhtr lminl in lhis ('ilSl, wits coni|)uled by use of

equlithin (71). Nolo ttiill, lit the lip tuid very

l'llr froni lhe lip 7"=7o= }:_ luid ihlil 7* and 70 nlso

t'oiiichte for Olle inh, rlnelihih' vilhie o[ y. li i'lill

be shown for lhe senii-in[hiile win 7 ]iitvin 7

(,ircullu'-lii't' pro[lie ihllt this Ol'CUl'S ill t.he Va]lil! or

,_ for wili(,h 7" =7",,_,.

Figure 33 shows the vlu'itdion or 7* and Yo with

spanwise station for two finite-sl)an wings. In

one ('lise 7(=4 lind the curves are nearly the Siilile

I

c

(

!
/

/

/

4

-.I

_7:20

y/s : 8

S

.2 ; 4 Y 6 8 I0
i

.......::::<<.....

f

_=2.0

yls:.8 _ i" /

-I

08 .12 .16 ,20 .24 28

FI(;t;RE 26. Illustration of graphical tcchniqu(; for solu-

tion ,,f e(liiat.ion (64) for on({ station on a finite-span

willg lltving It (_ir(.'tlhtr-lir(! 1)rofil% showing, itn (,Xl)Itll(](_(t

selile trawinl4 near the singllhir |):lint.

ItS for the seini-hi|hiit.e wing. In the other case

7[=0.1 and there is little wu'ialion with spanwise

station, hit.ernlediate _tsp(,('t ratios are shown

in figure 34. It olin bo seen liilit its the iispe('t
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o

1
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I
Eq (17)--,,

I.O.250 "'-

325 "',_

_ .05o ""._z_

"'"-- Eq 119)

1

.4 6 .8 1.0
2

l,'[(;lR_: 27: -lh'(,ssure disiril)mions at various distiHu'vs

fronl the tip of "t s(,mi-infinite wing having it (.ir('u]:u'-:u'(.

])rofih,.

ratio is th,('r(,nsed, I,t)th the singuhu' 1)t,int nn,l the
son(,' point nlOVt, forwiu'd. At, tht, lilnit of WUlish-

in K ilsl)(,t't rntio, (is in t,ttuillion (39), Ill(, singulilr

pt)int rt,at'llt,S lhe MMing edge ft)v Idl Sl)llnwise
slillions.

Tht, singular lminls shown for flu, [iniie-Spiln
wings lu'e those found bv lht, t'h,t'trmlic t_onlplliinlz

nmrllint,s its lilt, lirsl step in t)tu'ft)rnling lh('

('ilh'uhitions, and they nl't'lisled in lhl, lilh]t,s of

resulls. The son((" t)t)]nls, on the ,:lItlt't' hiln_l,

tit) not ill)l)(,iw spt'ritMdly ill the t'id('ul_llions lind

nrt' rend from pit)Is o1' (', vt,rsus 7. In hgur(' 34
lwo ll(hlititmld ('urv('s nt'e sht)wn for Ill(' st)nit_

l)oinl (is ol)Iniili,d front l)rt,ssurt, dislrilmlions

ct)lnl)uit,d hv use t)l' t,(lUillion 1411.

PRESSURE DRAG OF FINITE-SPAN RE('TANGULAR

WINGS HAVING WEDGE OR CIRCULAR-ARC

PROFILES

St,('lion prt,ssur(, dr'rig ('oefli('il,nls xvt, rt, ('onl-

l)ult'd hy lhe eh,clrt)ni(' t'mnl)uling nln('llini,s I'm'

('very stmnwise st(ilion on lilt' tiniie-Sl)nn l'('t'lilllg/I-

lar wings for whMi lht, l)rt,ssure ctwftiei(,nis were

COItt[)ltlel[, illld lhes(, l't'sltlls nl'e lislt,tl ill the

lill)lt,s. The st,('litm drilg r(,t'fli('it'nl is delined
;IS

- [.ALe'(T+ 1)11':' i "_ (--; d(Z/l)
ca=-- " r_:_ c,:=2,1, P ,1.7" dY

The inlegritlions wt,rt, c_lrrit,d forwilrd to It dis-

lilnm, of I).iI()()l c front lilt' lviltliug edge. For flu'
57SGS3--61--4

wings Imving circul_lr-ilrc t)rolih,s lilt, s(,ciiou

I)ressure tlr_lg ('t)t, flieieni is givt,n for tilt, front

lmlf folh)wt,d 1)y _l slritighl st,('lion its wt,ll (is rt)r

lilt, ('oNi13h,It, (.ir('uliw ltr('. Ill both t)l' lht'se t'itst's,

llml Ills() for ill(, wedge t)rolile, r is hast'd ml tile
full chord.

Tilt, v_tlues t)l' Fa wt'rt' init,gl'iHed st)llnwise It)

ol)tilin lilt, pressln't,, drag ('ot,tti('it,nls for the finitt,-

slmn wings. The rt,sults nl'e i)loll(,d .gifinst

nsl)('rt, rlllio in figure 35 in lhe ft)rnl of ('D aguinsl

A where

P =l!:Jg-_: 111'::!¢., A=IM= cw 1 .
11 "I"a; 3

[:or t'il(']l t'ilSt' lhe lwo-dinwnsit)nnl vilhl,._ ((is

_ivt,n in ,'ell 11, ",vhMl is iq)l)rOilt'ht'd (is .] het't,m,s

hlrg,.,, is illtlMIlt'd ni lh(' righl. The ('urvt,s iN

figure 35 tlavt, Ill(' (luilliiilliVe hi, hilvior thli/ is

to t)(' expel'led froin l)nsl t,Xl)erienc(, of the vilrinti(m

()f drltg with nSl)(,('l l'lltio. (St'c, t'.g., rt, f. 12.)

CONCLUDING REMARKS

It hns been dt,nlt:,nslrnlt,d ill this rt,l)ori thlll

lh(' nll'tttt)d t'nlldt)y('ll hereltfftwt, to ol)tilin nl)-

])roxinlal(, st)llllions of the trilnsonic llow t,(tuil ti(m

for plnnt, imd llxisylnmi,lri(' Ih)w Cml hi, (,xit,nded

l() give rt,nsonill)h, rt,suhs ror wings of tinile stnln,

t'onsislenl, veil h I hi' knt)vcn pl'Ol)erl ies t)l" l l'illlS()tiil'

th)ws. Ill lhis nlelllo(t lhe t)itrliill tlifferenlial

equiHion nl)l)l'ol)rialt, It) lilt, sludv of ll'Imst)ni("
tlow is rt,plnct,d l)y n nt)llline_lr ordinary (lifft,r(,n-

iilil e(tulition , which t'liti Iw solved liy nunit,ricli[

lnolhods. AsynlF, loli(' l't/t'iits t)l' this differt'nlial

t'qiliilion ill'(' gi",t'ti [or Vel'V lii_ll ((till very low

ilspe('l l'tllhis, lind llnlilylic resu|is ttrt' ohlliint,d

for +'el'lnhi slit'<'i+ll clist,s. Froltt lhe iis3qnj)loliu

fol'ttl for h)w ilSl)p('l i'illit), ilnillylit" t,xlit't,ssiOtlS lll'C

dl,rive(I [tit' lhe |)l'OSSlll't, disiril)uiioh Oil li ttllliilil.,r

lit' itliOl'i,Slillg shnpes, itt('lltditlg I'O('iitllglllill" Witlg.,.;

hilving wedge (tl" ('h'('ulnr-iirc 1)rofih,s llll(I illsl:l

Ihin t,llil)ii(' ('one-t'ylinders. For lit(' lhin t,llit)li("

etmt'-cvlitllh'l'S, rtinlliilrisons ill't' Ittildt' wil h

l)rl,vious lht,tirt,li('ill l't,Slt|is i(lld willt eXlitq'ilntqtlil[

(hilll.

HI(lilt'I'll'Ill resulls, ('ill('lthlled liv list' tiJ' (,It,('-

lroni(' ('onil)ltling nili(;hini,s, lil'e gi\'i,ti in lhe rorni

of pl'('SSlll'C disiril)ulions and ])l'OSSlll't, dl'ltg f()l' I V,;l)

I)rtillh' slllll)l's , wt'(lgt' illld (_it'cltlilr Ill'('> ['lir wings

(if l't,('lilllgltlilr [)bill [tit'ttt. Tilt, t'illlgt' tit' ilSl)('('t.
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FId I:RE 2!1. -I)r{"_llr( ' (ii_t rihuti[),_ "tt v'u'iou_ (li_i am'e: from th(, l i I) of a _('mi-infinit ' wiug haviug n cir('ular-aru 1)rofilo

T= :0.(16 ,1I _ 1

ratios ('ove:'(,d (,xt(,mls etfertiw,ly l'rom zero to

intinity _ut(l ngre(,m(,nt with the _symptoli('
results is showu at 1)oth limits.

The l)Z'('sent rel)m't is ore, of a s(,ri(,s of studies of

flow near ,'kla(.h Tulml)er 1 about thin wings and
sh,l_(h,r t)o,li(,s. 'I'hes(, studies have 1)elm ('onfi.(,(I

to zero im'idt,tw(' aml, (,x('el)t for minor instalw(,s,
to wings with shar 1) h,ading edges aml bodies with

i)ointed uos(,s, how(,v(,r, and th(, importam l)rob-

lem of ext(,I_sioti to the lifting case aml to rounded

h,adirtg edges remains. A st,u't Oil this (,xtensiou

has t)eeu made by Rat_(lall, who shows in refereu<'e
13 that t,nd(,r ('ertaiu cir('umstatwt, s the method

of l'efer(,n('e I ('fill ]_)(_ applied without nto(liIi(.ation

to (letertuitw tts('ftfl rest(Its for pressttr(, (listrit)u-

tions on round nosed airfoil sections t_t tutgle of

a tta(+k. It( th(, sam(, report, how(,v(,r, att('l_lioi_ is
(tailed to the fact that tAt, re are s(,vere limitati(+ns

on the cases for whi(.h this dir(,(.t apl)li<mti,)z+ is

possible. It remains to t)(, seen how (,ffe('tiv(,ty
these litttitatiotts can t)e overrom(, _nt(l to what

ext(mt mort, gt.n(,r+d I)odi(,s t_l+(I wings ('au t)e

amdyzt,d.

AMES ]_.ESEARC[{ CENTER

NATIONAL AERONAU"r[(_S ANt) _I'ACE hi)MINISTRATION

_,IOFI.'ETT FIELD, (tALlY"., Oct. l_, l/_60

REFERENCES

I. Sl)r(dtt.r , .Iohzz R., atzd AIk_zw. +L_,II>Prl:LY.: Thiu Airfoil

Theory l_s('(l <m Al,pr,,xitt+:Ue S(,ltHitm ,)f 11u'

Trt+t+soni¢. Fh)w Equ:ttiotL NA(_A Rpp. 1359, 1958,.

2. S])reiter, Joht_ R., and Alksm,, Alherta Y.: Shm(h,r -

Body Theory Bast'd on Approximate Solutiou of th( +

Transoltit, Floxx Eqtmtion. NASA TR I{ 2, 1959.

3. Spreil(,r,.Ioht_ l{.: A(*rodyz_atnicsof Wings:ut(L Bodies

:_t Tr:_t_s(mi(' Speeds. Jour. of Aero/Spaee Sri.,

vol. 26, z_o. 8, Aug. 1959, Pl). 465-487.

4. (h_dprley, (;or(fried: (m Tr._usouic Airfoil Th(.ory.

Jour. Aero. Sci., vol. 2:{, no. 10, I)('t. 1951_, l)P.

961-969.

5. SI)r('it,_'r, .h)ltn 11+, aud All,:sz_,', Alt)(,rta Y.: Th('<m'1 i("d

l'r('(tictions of Pressur(. l)istrit)utious t)_ N(mlifliug

Airfoils "_t Itigh ,":,ttt)so_ic SI)('('(I_. NA(!A lh' 1)

1217, 11)55. (Form(,rly NACA TN 3091;)

6. ( h_(h,rh,y, ( k)ttfri(,d, and Yoshihara, tti(teo: The Flow

Over ._ W('(IK(' Profile at 3Iach Number I. .hmr.

A('ro+ Sci., vol. 17, no. II, Nov. 195(), Pl). 723 735.

7. lhd)('l, l,ouis W., lh'z_(h'r_ot h .l:_mes lI., :u_d Milh'r,

Mastm F.: Tlw L._ngley Aunt]l._r Tz't_nsoni(. Tttz_z,,I.

NACA Rei). 1106, 1952.

8.._Iich(,l, R., Mt_rch:_,._(I, F.. _t_(l Le(;:dh)..1.: l_]ttttie des

(_('()lll('lll('Ilts tr'_ttssotti(ltleS tt.ttloIIr ([PS l)rofils l(,tl-

licuhdres, £_ im'idpm'(' mill(,. _).N.E.I{.A. Pub.

No. 65, 1953.

9. Page, William A.: Ext)erim('m:d Study of the Equiv-
ah,zwe of Transonic Fh)w Ahout Sh'.der Com*-

Cyliu(h'rs of (_irtmlar at_d Elliptic Cross Section.

NACA TN 4233, 1958.



2() TE('HNI(L_L REPORT R-SS NATI()NAL AER¢)NAITrl4'S AND SPACE AI)MINISTI_ATION

l"I(;l lie :{{}. ])rrt,_Ul'l' ditqrihulion,_ for fini|r-sl):tn wi._s uf thr(., (liff,,r{ml asl)_'('t rnti()s }mvimz ri,(qill|l/lll;|r l_lan f(_rms

and uir('ul:tr-:_rt'l)n)fih's; 7" 0.(t6, Ileal.



PRESSURE DISTRIBUTIONS ON _INGS OF FINITE SPAN F()R MACH NUMBERS NEAR 1 27

_'D - 2_,:0

for

95 -

I.O

I
i y: :%=:D

.zT=.4

--y'-

# . 95/,/ /.,-

_" Numerical caLculahons 1,_ ,'

..... Eq (41)

0 .2 4 6 8 1.0
,7

Cp- 2[=:O

for

sZ=o

5

Cp-2(=

8 -4

95

1.0

! I
X:.3 i / Y,_:O

/r-

2

4
0

[ -- Numerical calculations

¢ i ..... Eq [41)

(b) I

.2 .4 6 IO

.95 -2

I0 0

---- Numerical CalCulations

.... Eq (41)

-- Numerical calculofions

..... Eq (41)

2 4 .6

I"I(;[TRE :'ll.---l)r(!sstlre (Jistril)utions for low-asl)(,ct-r.tlio ri,ct.ingllhlr wi,lgs h.r_'ing circular-arc profih,s. (kJnll)arison of

r(,,_ults obtiiine(t by olect rolli(' ('Ollll)lll ilig nial.!hin(,,_ frolll equ'lt h)li (67) wit h rt!Slllts fronl thl' |o,.v-itsl)o(q-r41 io at)t)roxi-

nl.ltion, t,qu:dilni (41).



2(_ TECHNICAL REPORT I{--88 -NATIONAL AERONAUTI,2S AND SPACE AI)MINISTI{ATION

.5

_': 4.0 I
la) I

l

_0 .8 .6 4
/Is

.2

.drm

,z_: .r

I

io 8 .6 4 .2 o0

l"tt_(l¢.l,; 33. Slmnwise v:lri,dion of starting l)Mnt, :?_, and

_Lmit' I)oiut, 2", for :t high :rod a low aspect ratio r(,et:u_-

_ul:_r wing, having cirrul:u'-al'C [)rofile.

13. Ra.:tall, I). (;.: Tr:msonic Flow ()vor Two-l)imvn-

siomd ]{ound-Nos(,d Aerofoils. C.l ). No. 456,

A I{.C. Tech. ReI). , 1959.

.3

---"__2"7

"""---'--'-- _ - .......... _ .... _-".2<"

..... tEcl (41)

(a) I

I0 .8 .6 .4 .2 C
y/s

.2

2"

.5

.2

.I

4 .2 0
(b-___L

_0 8 6
y/s

FI(;t:Icv: _4. Slmnwist. \'.tri_ltitm of starling l)(_inl, .%, and

sonic ],oint, :_*, for "t series of r(,('t'ulguhtr wings of differ-

ont :_s )(,rl r:dios h_x'ing uir(.uhtr-:u'(' l)rofih s.

circular arc i

/

CD / ..... Two dimensional, ref (I)

I

FIGI'RE 15. V:u'i:_tion wilh aSl)ecl, ratio of the pr(,ssure

(h'ag ,'o(,llicionf fro" l'('('lltll_'_ll_lr wings having wedge,

hMf-c rclll_tr-:tr(', or (.ir(.ll]:tr-ltr(' ])/'()files.



PRESSURE DISTRIBUTIONS ON %VINGS OF FINITE SPAN FOR MACH NUMBERS NEAR 1 29

TAt_I,E I.-Ct[()I{I)WISE 1)I{ESSITI{I,] I)ISTRII_(TTI()NS F()I{ MACH N[L\II_EI{S NEAI{ 1 AT VAI{I()('S

SI'ANW]SI,] STATI()NS (}N A SEMI-INFINIT],] WIN(; ItAVING A WEI)(;I,] I'I{()I:II_E
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2#78034 2#78034

9,68214 2#68215

2#60071 2o60071

2,53017 2,53017

2,46730 2146731

2,41013 2,41014

2135735 2e35736

2,30804 2,30805
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2#21737 2121738
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1170947 1,709_8
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1,43357 1.43358

1,29672 1,3Q673

1,35893 Ie35894

I,_2005 1,32006

i#27987 I127988

1,23_15 1.23815

im!9458 1,19458

1,14878 1,14878
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.536_0 ,53640
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2,90768
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2.46692

2.40973

2.35693

2.30761

2.26110

2.21691

2,17463

2.13397

2e09467

2.05652

2.01935

1198301

1.94736

1.91229

1.87770

I*84348

1.80956

i,77585

1,74227

i,70875

1.67520

1164156

1,60775

1.57368

1.53927

1,50442

I,46904

1043301

1.39621

1.35848

1131966

112795_

I*23787

1119436

ia14862

1110016

Ia04829

.99209
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.86042

.77898

.67814

.53640

.OOOO0
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4.02135

3,75007

3.52009

3.27560

3,10206

2,90657

2.77882

2.68051

2.59897

2*52834

2.46537

2.40811

2*35524

2.30584

2*25926

2*21499

2.1726_

2.13190

2,09252

2,05430

2,01705

1.9806_

1.94491

1.90977

1.87512

1.84085

1.80689

1.77_15

I*73955

1.70603

1.67250

1.63889

1,60513

1,57117

1.53681

1.50207

1.46681

1.43092

1.39427

1.35671

1,31807

1.2781_

1.23667

1.19336

1.14781

110995_

I*0478_
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.93002

.86034

.77896

*67814

.53640
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1,75649

4*01686

3.74489

3.61460

3*26891

3*09460

2.89807

2.76951

2e67050

2,58833

2.51708

2.45353

2*39569

2.34225

2.29229

2.24514

2*20030

2.15739

2*11609

2.07617

2*03743

1199970

I*96284

1,92673

1089127

ia85635

1.82190

1.78783

!.75406

i,72052

I*68714

1.65385

I*62056

1.58720

1,5536_

1.51994

1.48587

I,451_5

1.41628

1.38052

1034393

1.30632

1.26748

I*22716

1.15503

1.14071

1.09366

I*04319

.98833

.92765

.85893

,77831

067796

,53639

.00000

1.74412

,600 .800 .850 .900 .950 1*000

3.99546

3.72037

3.58820

3*23653

3.05843

2.85671

2.72412

2.62159

2.53616

2.46182

2*39527

2*33450

2.27818

2.22542

2.17560

2.12824

2,08301

2.03963

1.99789

1195759

1191860

1.88076

I*84396

1,80810

1.77306

1.73875

1.70508

1.67196

1.63931

1.60704

1.57507

1.54332

1.51170

I*4B013

i*44851

i,41675

1.38473

1.35235

1,3194B

1128596

1.25163

1.21628

i*17967

1114149

1.10135

1105875

1101299

*96311

#90765

,84431

176906

.67365

m53560

,00000

1168639

3*92210

3.63515

3.49634

3.12255

2*92987

2.70785

2.55901

2e44190

2.34296

2*25624

2.17872

2.10861

2104470

1098610

1193206

1.88198

1,83533

1079165

i*75056

1.71170

1.67478

1.63955

1.60578

1.57328

1.54186

1.51139

1.48172

1.a5273

1.42431

1.30636

1,36878

1.34149

1,31439

1.28739

1.26042

1*23339

1,2062C

i*1787E

1.!5096

1.1226e

1.09378

1.06412

I*0335C

I*0016_

.9683_

.9332_

,8956_

=8550_

.8101_

.7593(

.6993"

,62330

.5111_

,0000(_

1.5061t

3188505

3059194

3144944

3.06340

2186242

2.62837

2*46955

2134371

2.23778

2114621

2*06596

1199494

i*93155

1.87448

1.82266

1.77520

1.73139

II69062

1165242

1.61639

I*58219

1.54955

1.51824

Ia48807

ia45886

1.43048

1.40279

1.37568

le34904

1.32280

I*29685

1.27111

1.24552

im21997

1.19441

1116875

1.14290

1*11677

1109027

1.06329

1.03570

1.00736

.97808

.94767

191584

.88225

.84643

.80770

076508

.71699

.66059

*58988

,48724

*00000

1.43160

3.82965

3.52678

3.37874

2197296

2*75809

2.50329

2.32803

2119147

2*08109

1.99008

i*91363

ie84816

ie79102

1.74028

1.69454

1.65275

1.61414

1.57811

1.54422

1.51209

1.48146

1._5207

1,42374

1.39630

1.36962

1.34357

1.31805

1.29297

1.26824

1.24377

1*21950

1.19536

1.17127

1*14717

1012299

1109865

1.07408

1.04920

1.02391

.99812

.97170

*94453

*91643

.88720

*85660

.82429

,78984

.75261

*71170

.66566

,61191

*545]4

,45007

*00000

1,34240

3.72934

3.40771

3*24840

2*80127

2,55545

2.26026

2.07693

1.95312

1,86236

1179096

i*73180

1.68091

1*63594

1.59538

1.55821

1.52372

1.49138

I*66082

1.43171

1.40382

1.37696

1.35097

1.32570

1.30105

1.27692

1.25321

1.22985

1.20676

1,18389

1.16116

I*13852

1.11591

1.09327

1.07053

1.04765

I*02455

1,00116

*97741

*95322

.92848

.90309

i87692

*84980

.82155

.79193

.76061

.72717
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.65127

*60656

.35445

.48999

*39930

.00000

1.23661

2.53379

2*36290

2,28106

2,06419

1,95495

1,83190

1.75151

1.68965

1*63835

1.59391

1.55431

1.51829

1.48504

1.45398

1.12469 [

1,39686
1*37024

1*34464
1.31990

1*29588

1.27247

1.24959

1.22715

1.20507

1.18329

1.16175

1.14039

1.11916

1.09802

1.07690

1.05578

i*03458

1.01327

.99180

.97011

*94814

*92583

*90310

*87988

.85608

,83139

.80627

*77999

.75254

*72369

.69_12

*66042

.62500

.58599

,54203

*49073

.42720

.33791

.00000

1.10781
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TABLE II. CH()I{I)WISE PI(ESSI:llE I)ISTRIP, UTI()NS FOR MACIt NI'MI_,EllS NEAR I AT VARIOUS
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,0005
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,0600
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,0800
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.21::0
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,23:.0

,24(_0
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,28::_
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,31q. 8

,32'::?

,3390

,34'?$

.35"0

,3600

,3720
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,3900

e400O

,4120

.4200

.430C

.4400

,_5S0

,4609

,47Q$

,480$

,4900

,5_00

4,01960

3074806

3.61793

3,27296

3.09912

2,90322

2,77516

2.67687

2,5o478

2.52391

2*46071

2.48323

2,35013

2,21051

2.25371

2,20921

2116663

2,12567

2008606

2,)4760

2,01012

1,97348

1,93755

1,?C) 221

1,8_73_

1,83296

i,79887

_,76_05

1.73!at

I,6O78C

Im6663 o

1,63088

1,59726

I*56746

1.52940

1*49496

10460C7

1,42450

1,338_9

1,35134

1,31324

1,27387

1,2329e

I*IQ026

i,I&534

I*00759

i,C4642

,0o0_4

,n204 =

,369_6

,77886

,67812

m_7640

,00000

4*01571

3*74471

3,61426

3,26850

3,09413

2,89754

2m76893

2,66988

2,58787

2.51633

2,45280

2,39493

2,34145

2,2qI_[

2,2_426

2,19939

2015644

2,11ql!

2,8751_

2.036_7

1099860

1.96169

1,92554

10BED04

1,8550_

1,82050

1,78648

1,75265

1,71ql[

1,68571

1.65241

1.51912

1.5857E

1,5_229

I*51859

1,4845(

1,45011

1,41512

i*37qa_

1,34297

1.3054e

1,26676

1.2265o

i*!82.55

I,Ie034

1.093_.0

1,04302

,98_22

,_2761

,85892

,77831

,67796

.5_639

,_0000

4,00382

3,72985

3,59848

3,24911

3,0724_

2,87281

2m74182

2,64069

2.55855

2,4834&

2,41807

2,3584!_

2.30330

2,25162

2,202_0

2,15636

2,95o2 _

2,02_08

1,98824

1,°4958

i,e!197

i*_7520

i,!'Io:. 3

1,80430

1,76°PI

1,7357_

1,76742

!,6_661

1,604!I

1,57176

105_949

1,50722

1,47&8 _

!.442Pe

1,40043

1,37616

1,342_3

1,30782

1,27242

!,2_594

l,!qal _

!,!5865

1,1!71 _

1,0730[

,07396

,01656

,85113

,77365

.67600

,53612

,00000

3e96909

3e68978

3,55522

3,19588

3,01276

2,80420

2*66622

2,55899

2#46900

2,39049

2,31975

2,2551 _

2,1302P

2,03726

i,o_85<

1,o02_8

I*86206

!m79519

1,74870

1,7135?

1,679_2

1,6_617

1,6!37!

1,5£]9 _

1.5_0]I

1*480£3

1,4_987

i*_3012

1.40050

1,370_!

1,3&126

1,311_5

1,28!37

1,7509t

1,2199_

1,18P22

1,15560.

1,1220_

1,0_702

1,05030

*96q7_

,024_2

,874!0

,8166 _

,74823

*66074

e5312_

,00000

3,88505

3,59193

3,44943

3,06339

2,8624!

2,52835

2*45954

2,3_370

2,23776

2,1_619

2*06594

1.99492

1,9_152

1.9226_

1,77517

1,7_135

Ii6O059

1,652q8

1,616_5

1.58214

1,52,950

1,51819

1,4_880

i*43042

1,40272

1,3756!

],34qeP

1,29677

1,2_I04

1,34544

!,2!990

1,1o485

1,16867

I*I4282

1,11670

1,0o071

!,0532_

1,03555

1,007_1

,97gC_

.9476&

m91582

,8_22a

,g¢642

,80770

,75508

*71609

,66089

.589R8

,48724

,00000

3*84598

3*54602

3.39978

2199999

2178944

2,54116

2m37072

2m23658

2,12633

2,03396

i*05543

Im88765

1,92825

1,77543

1,72781

Ie68435

Im54426

I*6069_

I*57186

I*53870

1,50712

i147688

i*&io64

_,3o23!

1,36_67

i,_3o60

1,312.00

lmP_qT_

1,26388

1,2!_65

Im19018

I_1657n

1*14121

1,11654

1,00167

1,066aP

le040_1

1,01494

,98q15

,96070

,93233

,907K4

,77196

*_0460

*76705

,72577

.87o2g

*62a97

0557?8

,46067

_00_00

3,78860

3,47840

3,32600

2,00432

2*67786

2,4056a

2_220_2

2.0B348

1,97783

Im89372

1,82439

1,76q43

1,66814

1,62658

1,5_840

1,51961

I*48812

1,45812

1.42930

1.40171

113_492

Im3488 o

lm32349

1,29863

1,27420

le?_Ol7

1_228_3

1,20275

1,17930

1,15592

1,1325g

1,1091_

I*08566

1,06195

I_037e9

1,0!369

m98897

,96_72

*93785

o9]]20

,_8762

,g5492

,82494

17q308

,75916

,72252

,68226

,63607

,58417

,51875

,42629

*0000_

3,68600

3,35568

3.!90_9

2,72328

2,46173

2,16113

1,992_5

1,38380

1,80356

1,73957

1,68581

1,63901

1,59725

1,55927

Im52422

1,49162

1,4607!

Im43146

1,40350

1,37654

I*_5068

1,32550

1,300'_7

1,27699

1,25346

1,23032

I,_0747

I,I8487

!,16744

1,14013

I*1178_

1,09563

1,07333

1,05092

1.02835

1,00554

,98243

,95895

09350_

,01082

.38537

m85948

,_3254

,90451

,77510

,7a30_

,71076

,67481

,63529

,590_0

*53896

,47484

.38473

.OOOOO

2,53375

2*36292

2,28105

2,06418

1,95493

1,83189

Ie751_9

1.68963

1,63833

!m59389

1,55429

1,51827

1,48502

!,_5396

1,_2467

1,39684

1.37022

1.34462

1,31987

1,29585

1,27248

1,2_956

1,22712

1,20504

1,18326

1,16171

1,14035

1.1191n

1,0°798

i_07687

1,05574

1,03454

1,01324

,99176

.97007

*94810

,92579

.90307

e87986

,85606

,83157

.80626

,77997

,75253

,7236_

*69312

*65042

,62500

*58599

,5420_

,49073

,42720

m33791

,00000

_d 1,75146 1,74326 1,70853 1,61721 1,43156 1,36615 1,29176 1,20704 I*I0782
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2,08539

2,04145
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1.91757
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1.84101
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1,76772

1,7322_
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1.62970

1.5966]

1,56492

1.53180

1.49991

1.46827

1,4367 °
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1,37398

1.34242
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1.27329

1o24537
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3,71329

3,58058

3,22717

3,04791

2.84467

2.71087

2,60727

2,52085

2.44556

2,37809

2.31540

2,25915

2.20546

2,15467

2610633

2,3o005

2,01565

1.97285

1.93144

1,89134

1,85241

1,81455

1,77766

1,74166

1,7064_

1,67204

1,63928

1,6¢514

1,57254

1.54043

1,59373

i,_7737

1,44629

1.4153_

1.38457

i*35375

i,32281

1,29160

1,25908

1.22775

1,19470

1.16054

1,12493

1.08743

I*04749

1,00432

,95688

,90360

.84206

*76811

,67342

,53560

,_0000

1.66517

3o96625

3,68650

3,55177

3,19150

3.00795

2,79863

2.66006

2,55222

2.46183

2,38273

2,31161

2,24650

2,18614

2,12972

2.07665

2,02648

1,97987

1,93352

1,890!9

1,84868

1,80878

1.77034

1,77321

1,6o727

I._6238

1,62845

1,59537

1.56305

1,53141

1.50037

1.4695_

1,43977

i._I004

i._$060

1.35134

1,32220

1.29305

1,26380

1.23432

1.204&6

i.!740_

1.14292

I,ii080

1,07739

1,04231

1.00507

,')649_

.92112

._7207

*81552

,74786

,66068

,53124

.00000

i#60563

3.92082

3.63366

3,49473

3.12054

2,92758

2,70517

2.55601

2.45860

2.33937

2,25236

2.17457

2.1041_

2,05985

1.9808_

1.92646

1.57597

1,82B90

1,78478

!o74322

1,70889

1,66649

1.63075

1,59547

1.56347

_.53156

I*:0062

i,::7012

1,4aI15

1,412_0

1,3841_

1,356_2

i,q2903

1.30102

1.27502

_,24825

1.22153

1.19475

1.16783

1.14066

1,11311

i*0_504

1.05627

1.02661

._9581

,96384

192940

,3Q284

.85309

m80901

,75877

.69917

,62336

,51113

.O0000

1.49930

3,82895

3.52604

3,37796

2,97193

2,75689

2.50184

2.32634

2.18954

2,07889

1.98759

1.91086

1.84510

1.78768

1.73666

1,69064

1,64857

1.60967

1.57336

1.5391 °

1,50678

1.47585

1.4461_

io41756

1,38985

1,36290

!.33661

1.31056

1.28556

1,26070

1.23612

1.2117_

1.!8763

1.!6359

1.13959

1.11559

1.09147

1.06720

i*06267

1.01781

.99249

.9665 q

o99998

,91247

.883_6

.85387

m82216

.7R827

,75155

.71107

,56535

,61181

,54512

145007

.00000

1.33809

3.78821

3.47792

3,32532

2o90342

2.67680

2.40433

2.21924

2.08163

1.97570

I_89131

1,82171

1.76250

1.71080

1166470

1.62291

1.58449

I._77

Ie51523

!,4_350

1.45327

1.42429

1130637

I._69_5

117_30_

11317#8

lo2924!

i._6781

1,24358

1.71967

i*I_600

1117252

1.14916

lmi2587

1,10257

1.07922

1.05573

1.03204

io00807

,°8372

,95890

,_3348

.90732

,88026

.8520_

182254

.79127

175785

072165

168174

163672

.58408

.51872

.42629

.OOO00

1.28790

3.72887

3140715

3.24778

2180044

2.55445

2.25896

2.07531

1.95119

1,86016

1.78851

1,72911

1,67801

1,63283

1.59207

1.55470

1,52001

lo48748

1.45572

1.42742

1.39933

1.77227

1134608

1,32062

1.29578

1,27147

1.24759

I122_09

1,20089

1.17793

1.15515

1113249

1,10990

1,0B733

1.06471

1.04198

i*01909

,99595

.97250

,94865

.92430

._9932

.87359

,84693

.81915

.78999

.75911

.72609

*69030

.650_5

.60636

.55439

148998

,39930

.00000

1.23314

3,62288

3,27915

3.10602

2,60468

2,32398

2.04530

1.90548

1.81348

1.74380

1,68684

1.63807

1,59501

1,55614

1.52046

1.48730

I._5615

I,_2665

1,39852

1,37152

1,34547

1.32024

1.29569

1,27172

1,24824

1.22517

1,20244

1.18000

1.15778

1.13573

1,11379

1.09193

1,07008

1.04819

1.02622

1,00409

,98177

,95916

,93621

*91283

.88891

.86435

.83901

.81273

,78530

,75648

.72594

.69325

.65779

.61870

.57460

,52307

.45925

._6955

,00000

1,17302

2.53280

2.36177

2.27984

2,06270

1.95329

1,83002

1.74944

1,68743

1.63_99

1.59142

1.55169

1.51555

1.48217

1,45099

1.42157

1,39362

1,36687

1.34114

1.31626

1,29211

1,26857

1,24556

1.22299

1.20079

1.17890

1.15726

1,13582

1,11453

1,09334

1.07222

1.05111

1.02996

1100873

.98737

.96583

.94_04

.92195

.89947

,87653

.85304

,82887

,80390

177796

,75087

172236

.69212

.65971

,62454

.58574

.54191

.49069

.42720

o33791

.00000

i,I0499
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(<1) A = 1

O,CC01

,00£5

,OOlO

,0080

*0109

,OZO0

.93:0

,:420

,353:

,C63_

,070:

.085.3

,0980

,I'_C,O

,ii00

,12C0

,130

.14_5

,152:

,1630

,17C:

.163

.!930

,20_;)

.21:C

*22C3

,230C

.2z�&

,25_3

,263:

,27_:

,2803

,2900

,3000

,31tO

,32S0

,33¢0

,34,3C'

,35_0

,3600

,37t0

,380C

,39C0

6400C

,4100

,_2_0

,_StO

.44C0

.45CG

,4600

,4700

,4800

.4900

,5000

Lit__

,000 ,200 ,400 ,600 ,800 ,850 ,900 ,950 I*000

3,89159

3,59970

3,45799

3,q7424

2,87481

2,64305

2,43611

i,361A4

2,25403

2,15976

2,_7281

!,93207

1,91641

1,84510

1,77766

i,71373

1,653C5

1,5U541

1,5:,C6_

1,48648

1,43889

1.39171

1,3%67_

1,304_2

1,26330

1,22451

1,18755

i*15233

i,I1875

i,'38672

1,75616

i,927C0

,99916

.97256

,94714

,92283

,89_58

,87733

,856CI

,83559

,81600

,79719

,77911

*76169

,74485

,72846

,71231

669601

*67879

.65903

*63308

*59186

,58'767

,COCO0

Ia30411

3,88407

3,59041

3,44793

3,06148

2,66021

2,62576

2,46655

2.33976

2,23121

2,1346'3

2,04664

1,9654_

1,86981

1,81892

1,7522C

1,63:)2f

1.62G64

1,51961

1,46874

1,4204C

1.37443

1,33069

1,2890u

1,24940

i,21162

1,17561

1,1412_

I,i0.353

1,07727

1,04743

1.91893

,9_170

,95567

,94077

,91694

,89412

,87227

,85132

,83123

,81193

,79338

.77551

,75826

,74151

,72513

,70886

*59226

,67_50

*65387

,62676

,58451

*50115

,30000

1,29154

3*85860

3,56104

3.41604

3,02089

2*91356

2,57013

2,42325

2,25959

2,1555q

2,C5525

1,35556

1.884_7

1,8i012

1574164

1,678_?

1,61858

1,56278

1,5!221

1,45053

1,41346

1.36883

1,32640

1.28604

1,2475q

1,21093

1,17597

1,14258

1,11969

1,0_021

1,05!06

i,n2317

,39647

,970_0

,c4639

,92290

,?C025

,87_71

,85792

,$37q3

,81R68

*_0012

,73218

.76479

,74783

,73117

,71459

169774

,68008

*66062

,63759

*60751

,56255

,48091

,00000

1,25450

3*81088

3,50431

3,35426

2,94122

2,72112

2,45819

2,27538

2,130_!2

2,01177

1,91137

i,g2513

1,74957

1,68215

1,62103

1,56189

1,51281

1,4641[

i.41£2o

i,q7501

1,33397

1,29496

1,25780

1,22234

1,18848

1,15604

1,12501

!,09527

1,06676

1,03940

1,01313

,787S9

,96364

,9&030

,91785

,89622

,27537

,85525

,83580

,81698

,79872

,78095

,76357

,74649

,72955

,71255

*69519

,57706

,65748

,635_0

,60903

,57513

,52694

,44606

,00000

1.19415

3,71463

3*38960

3,22845

2,77435

2,52300

2,21762

2,02338

1,88883

1,78_I1

1.70781

1.63967

1,58046

1,52740

1.47891

1,43_9_

1.301¢2

1,35225

1,31463

1,27881

1*24460

1,21185

i*18046

1,15030

1512131

1,09341

1,06654

1,04064

1,01567

,99156

,96823

,94578

,92403

,90297

,8_256

,86277

,84354

582483

,80657

,78871

,77116

*75385

,73665

,71942

,70197

,68406

,66534

,64533

,62331

,59820

,56826

,53045

,47869

*39701

000000

1,11103

3,67140

3*33805

3,171a4

2,69635

2*42856

2*11548

1,03508

1.8153 =

1,72587

1,65351

1.59191

1553759

1,4_85!

i144336

1.40120

1,36173

I*32428

1,28_66

1,25464

1,22205

1,19083

1,16081

1,13192

1,10407

1,07726

1,05138

!,02639

1,0022<

,97830

,95633

,93_47

,91329

*89275

,87281

.85_4q

583458

,81614

*79812

,78043

,75300

,74573

,72850

,71116

*69352

*67532

,65625

,63567

_61302

,58715

.5563_

,51759

#46494

*38279

_00000

1.08643

q,60932

3*25201

3_08691

2*57739

2,2887 °

1,99493

1,84355

1,74243

1,66_80

1,60077

1.54525

I*49567

1,45041

II40847

l,q31oO

1,29668

1,26297

1,2306 e

1,19970

1,16990

1,14120

1.11353

1,0S6_2

1,06102

1,03609

1,01107

,98£53

,95602

,94412

,92287

,0_224

.88220

,86270

,84370

,82516

,80701

,78920

,77167

575433

*73707

*71979

,70232

,68446

,66595

_64642

,62538

,60209

,57548

054383

,50417

*45064

,36798

.00000

1,06015

3.49665

3,12%01

2,93039

2,35478

2,08842

1,87211

1,75600

1,6730)

1560650

1,55009

1,50021

1,4550_

I*a!336

1,37443

I,_3770

!,S0783

1,26954

1,23765

1,2070?

1,17754

1,14Q12

1,12168

1,09517

1,05953

1,04472

1,02069

,00741

.974_3

195298

,93166

,91100

,8009_

,87132

*85223

,83359

,8153_

,79744

.77982

,76241

,74513

,72788

,71052

,69291

,67482

,65598

,63604

,61448

,59057

*56324

,53078

,49025

,43586

,35254

590000

1,03182

2,4990 o

2,32272

2,23787

2,01107

1,8954&

1,76366

1.67643

1.60856

I_55167

1,50188

1,45705

1*41587

1.37750

1134136

1.30705

1,27431

1,24293

1.21276

1,18369

1515563

1,12852

1,I0_28

1,07687

1,05225

1,02838

!,00521

,98272

,960_7

,9396&

,91898

,89885

,87925

,86011

*84141

582309

.80512

078744

,76998

_75268

*78545

,71817

570073

,68295

186462

,64546

e62511

,60305

,57854

,55052

,51729

,47594

,42075

,33681

,00000

1,00019
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((,) _ :0.4

_# - 2&_

0,0001

,0005

cO010

,0050

eOlO0

,0200

cO300

,0400

,C5CC

,06DO

,070C

,C800

,0900

elO00

.1180

*1280

.1300

,1400

.1500

,16C0

,1705

.1800

,1903

,2GO0

.2100

,2200

,2300

,2400

,2500

,2600

,27JC

.2800

.2900

e3C92

.3130

63200

*33f,0

.3400

.3500

,3600

.3700

,3800

,39C_

.40_9

.4180

,4200

*4300

,4400

,_500

,4600

,4780

,4800

.4900

,5000

_d

,00o

3,73098

3,40980

3,25067

2.80433

2.55907

2.25483

2e03175

ie84510

1,68300

Ie54061

ie4150]

1,30403

1,20581

1,11875

1,04142

.97257

,91109

,85605

e80660

e762_4
,72174

,68519

,65192

e62155

.59373

.56818

.54465

.52292

,50280

,48412

,46674

,45953

: ,4353£

i ,40790

,39539

i .38362

.37252

,36203

,35211

,34271

e33380

,32533

*31728

i .30961

e3_230

.29533

,28867

,2823_

,27620

,27036

.26476

,25938

,00000

e75587

e200

3e72274

3,39946

3,23928

2,78900

2.54062

2.23122

2,00529

ie81892

1,65902

Ie51961

1,39713

Ie28905

I*19340

1.10853

ie03303

,96568

,90544

.85140

,80276

,75885

,71909

,63297

,65006

,61998

.59240

.56705

,5436E

.52209

.50208

.48349

,4661E

,4530e

e43497

_2084

,_9757

.3951!

,38336

,37229

,36183

.35193

e34255

,33365

,32520

*3171_

e30950

*30220

.29524

,28858

,28222

.27613

,27030

,26_70

,25933

,00000

e75079

.400

3,69531

3e36664

3,20310

2,73987

2.48107

2,15553

1,92402

1,7416_

1,59026

1,46054

1,34736

1,24760

ie15910

Ie08025

1,00973

e94649

e88960

,83829

e79189

.74980

.71152

e67662

e64470

,61544

.5_854

,56375

.54085

,51965

*49996

eA8166

e4645q

,4_865

,43373

.:.197_

.40651

,39425

,38260

,37181

e_6122

*3513_

,34205

o33320

,32479

e31677

,30917

,30198

,29496

,28833

,28199

*27592

*27010

e26452

e25913

,00000

,73594

,600

3,64244

3,30299

3.13255

2,64212

2.36068

2.01175

1,78624

1,6210_

1,48814

1.37510

Ie27628

1,18861

1.11020

1.03970

.97608

e91852

.36631

,81875

,77560

.73612

,6999_?

,666_6

,53641

,68837

,58249

.55855

e53637

.51576

e49659

.47871

,_6202

,44639

e4317&

.41799

,_0505

.39288

.38138

,37050

.35022

.55048

,34125

,53248

,32412

e3161 r"

,30862

,3014C
I
_I .2945!

.28792

.28161

,27557

,26978

*25422

,25850

*00000

,71211

,800

3,53705

3o17305

2,98704

2o43092

2,11092

Ie7883_

1,6095_

le4793_

1,37233

1,2794_

1,1968_

1,1223_

ie0547_

,99321

.9371(

,8857_

*3386(

,7954_

,7558(

,7193{

,5856_

,o546_

,6259_

,5993!

e57471

05518;

,5305;

.5106

,4921,

,4748;

,4585'

,4433'

,4290

,4156.

,4029 l

e3909;

*8796

,3689

,858S

,3492

.3401

,3314

,3232

,3153

.3078

.3007

,2938

e2873

,2810

,2750

,2693

.2637

i2569

,0000

e6799

• 650

3•48955

3ei1403

2e92020

2e33119

2,01488

1,72633

la56459

io44409

1,34363

1,25568

1,17693

Ie10563

I•04069

,98135

e9270!

e87716

e83138

,78_28

e75051

,71477

,68277

,65127

i6230_

,59686

*57255

,54994

,52889

,50924

,49039

,47371

•45762

e44251

,42831

,41494

,4023_

,390_

*37920

,36856

,35848

,34891

e33983

,33119

,32297

e31513

,30766

,30052

i29370

o28718

,28093

a27495

,26920

,26363

e25623

•00000

,67055

egO0

3e42025

3,02625

2,81976

2,19110

2a91040

Ie66564

1,52077

2,40957

1,31543

1•23223

1,15725

Ie08903

I•02684

e96944

e91688

,86854

,82402

_78299

,74512

•71015

,67780

a64785

I62007

,59429

,57032

,54800

,52719

e50775

,48958

.47256

,48660

,44161

,42751

,41&23

,40170

e38987

a37859

,36810

,35806

,34854

,83949

,33088

•32269

,31488

e30743

,30031

*29351

,28700

.28077

,27480

,26906

,26346

125533

,00000

•66057

e950

3,29461

2•86295

2,62910

2e02499

1,80889

1,60775

ia47852

Ie37606

1,25789

1,20923

1.13787

1,07261

I*01270

,95756

.90675

.85988

e81661

e77663

.73966

.70545

e87374

e54434

i61704

,59165

a56802

#54599

,52543

,50622

*48823

,47137

,45555

,44067

e42568

,41_49

*4010a

,38928

,37816

,36762

,35763

,34815

,33914

e33056

,32240

,31461

e30719

,30009

e29331

i28682

.25060

,27464

e26891

o26325

,25425

,00000

*64991

leO00

2•40238

2e20999

2e11567

li85626

1o71818

1,55340

Ia_3810

I*34369

ie26112

1.28676

1,11585

ii08644

e99891

e94577

e89666

.85123

|80918

,77024

.73415

,70069

e66963

e64077

,61394

i55896

,56567

*54394

*52363

.50463

e48683

,47014

,45445

e43970

e42581

,41272

.40035

e38867

.37761

,36713

e35719

034775

e33877

i33023

,32210

,31434

,80693

e29956

e29310

i25662

,28042

,27448

•26875

,26300

,25298

,00000

i63504



PRESSURE DISTRIBI:TI()NS ON %VIN(;S OF FINITE SPAN F()R MACH NUMBERS NEAR | 3;_

TAI_I.I': II. (tlIi)RI)WISI,: I'IIESS[III': I)ISTI(II_;I"I'I()NS l"()l( MAClt NI:MBI':IiS NI<AI( 1 AT VARIc)I'S
SI)ANWISE STA'I'I(INS ()g FINI'I'I,:-SI'AN WIN(',S IIAV[N(; \VEI)(_IC l'l{()lqlJ,:S--Comiml_,d

(f) A o.:J

dp - 2_

,000 ,200 ,400 ,600 ,800 e850 .900 a950 1,000

0e0001 3=67782

*0005 3e34572

cO010 3,17982

60050 2.70791

,0100 2,44193

,0200 2.101C3

,0300 1,84510

,0400 1,63351

,0500 ia45515

,0600 1.30403

,0700 1,17562

,0800 1,06619

e09CO e97257

elO$O 189208

41100 ,82251

,1200 ,76204

,1300 i e7C916
a1400 e66267

,1500 .62155

,16C0 *58498

,17_0 655229

e1800 I *52292

,1900 .49642

,2OCC .47239

,210G ,45C53

,22C0 ,43055

,23g0 ,41224

,24C0 i ,39539

e2500 ! ,37985

J
.2600 i ,36546

.270g i ,35211
*2800 ,33969

*2900 1 ,32810e3C_C ,31728

i

.51C0 ,30714

.320C ,29762

,33C0 ,28867

,3400 ,28023

,3500 ,27228

,3600 .26476

,3705 i .25764

,380=, ! .25090

.390C i .24_49

,4000 i .23841
{

.416C. ,23262

,4200 .22710

,4300 622183

.4400 621681

,4500 ,21201

,4600 *20741

e4700 *20301

,4800 ,19879

,4900 119474

,5000 ,00000

3,66891

3,33483

3.16790

2e69145

2#42164

2,07514

1,81892

1,61048

1.43624

1,28905

1,16399

1,05723

,96568

,88678

,81_42

,75583

e79667

,66C70

e6199d

.58372

.55127

,5220G

e49573

,47183

,455C6

,43016

,4119_

,59511

,37960

,56525

,35193

.39953

.32797

.31716

,3_703

a20752

,28858

,28016

,27221

,26470

,23759

,250g_

624445

,23837

,23258

,22707

,22181

,21678

,21198

,20739

,20299

,19877

,19473

,00000

3*64075

3,30079

3013003

2,63859

2,35595

1,99443

Ie74165

im54493

1,38347

Ie24760

1,13162

1603238

,94649

.87192

.80685

,7493,3

j ,63953
,655q5

,61544

,5_005

154829

,51965

,49372

15
i ,470

: ,4_865

e42_97

! ,41090

,3G425

; .37887

,_6452

I .3_130

i ,33905

e327_5

e3167 c

630671

,29724

,28833

,27994

,27201

.26452

,25743

,25070

.24432

.23825

4
e23247

] .22697

i e22172

*21670

.21191

,20732

e20293

,19871

,19467

e00000

3,58637

3a23444

3,05605

2,53272

2,22382

1.85258

le62108

1,44861

1,30786

1_18861

1,08567

699658

,91852

'1 ,84999

.78958

,73612

,68£6,_

,6462_

,60_37

a57450

,5435_

,5157&

e49049

,46746

,445]9

,42705

*40927

e392@_

,37767

,363_9

e3504_

.33827

.32687

,31619

,3_618

,29677

,28792

,27957

,27168

,26423

,25716

,25045

e24&lO

,23805

,23229

,22681

,22157

,21657

,21178

020721

,20282

e19862

e19658

,00000

3,#7745

3,09856

2,90258

2,30312

1,97372

1,66151

ie47938

1,34009

1.22340

1.12235

1,03365

,95527

,88573

,32385

,76865

,71930

J ,67504

053524

,59935

e566_9

,53745

e51067

.48624

,46383

i ,44337

; 142_49

i ,40708

,30093
,37605

,38218

,34926

,3372!

,32593

,31537

I ,30545
,29613

i e2073#

,27906

,27123

,26382

,25579

,25013

,24380

e23778

,23205

,22858

.22136

e2163£

e21161

,20705

*20268

*19848

*19465

,00000

3e42839

3,03658

2e83163

2e19981

1,89084

1,61205

Ie44409

1,31314

1020229

1,10563

1.02032

,94460

187716

eSl&95

*7630£

i ,71477

I ,67134
i63221

,59686

6564£3

*53574

,50924

,48504

,46287

i44251

,42376

i 140646

,30044

837559

,2617£

,34_91

e33690

l ,32565

I i31513

/ ,30524

,29594

I ,2871_

e2789I

*27109

,26370

,25669

,2500_

! .24371

I e23770

,2_197

,22651

i22130

121632

,21156

,20700

|20263

I19844

119441

o00000

3#35656

2,94406

2e72445

2*06873

1,80678

Ie56387

1640957

1.28665

1,18143

I*08903

1,00703

#93391

,86854

,S0997

,75741

,71015

,66756

,62910

i ,59429

,56270

,53397

I i50775

i i48379
*48181

,44161

I e42299,40580

i ,3_987

! I]7510

i

,36135

,34654

,33657

,32538

i ,314_8

; ,30502

029574

,28700

,27875

e27095

,26357

,25657

|2499_

124362

e23762

e23190

.22644

e22124

*21626

e21151

*20695

e20259

,19840

.17436

,00000

3*22870

2,77064

2,51952

ie92642

1.72682

1.51756

1.37606

Ie26075

1.160o3

1,07262

,99381

,92323

,85988

,80293

875167

i70545

,$6370

e_2592

e59165

,56051

e53213

*50622

e48249

*46071

,44067

*&2219

,40511

,38928

_37_58

,36091

,_4815

,3_623

,3250_

,31461

,30478

,29553

e28682

,27858

e27080

e26344

e25645

e24982

.24352

*23753

*23182

._2637

e22117

.21620

,211a5

.20690

' e20254

i *19836

e19430

,00000

2*37038

2.17191

2.07394

1,80151

1,65375

1.47347

1,34369

1,23554

1,14084

ii056_5

,98073

e91261

,85123

,79586

e74588

,70069

e65978

e62267

,58896

,55826

,53025

,50463

,#8115

e#5957

,43970

,42136

e40440

,38867

e37_05

*36044

.3a775

.33588

e32476

e31434

e30454

e29532

e28662

,278ai

,27065

,26330

,25633

*24971

e243_2

,23744

e23173

*22629

022110

.21614

e21139

e20685

e202_9

.19831

e19423

.00000

_d *62182 ,61803 .60689 ,58898 .56492 i55790 155044 *54242 ,83385



3(i TECHNICAL REPORT R--88--NATIONAL AERONAU']ICS AND SPACE ADMINISTRATION

TABLE II.--CII()I(I)WISE PI{I,]SSVI{E I)ISTI{II_UTIONS FOI_ MACI[ NVM1H<I{S NEAR I AT VAI{IOUS

SPANWISE STATIONS ON FINITE-SPAN WINGS IIAVIN(; WED(;E PliOI,'IIA_;S Conclud('d

(g) _:0.2

,GO0 =200 ,400 =600 ,80( =850 *900 4950 lJO00

O,O001

,0005

,0010

,0050

,0130

,_2CO

,C300

,0400

,35_0

,0600

,07_0

,080?

,,39CJ

,IL:_3

,1120

.12_0

,!33

,14C_

.157C

,1533

,17;3

,1873

,190=3

.2100

.22.3

.2323

.2_?C'

,257"

)Z6_?

; ,27"3

I ,28C, 3
I

,Z£CC

i ,3_i23

i .3100

i .32_30

,33JC

: .34C0

.35-C

.36)0
i ,37_3

! ,3832
*3909

i ,43Z0

.4100

,42;_3

,433C

,4469

.4500

,4603

,47C0

,4803

,&9CO

=5000

_d

3,59995

3*25068

3.07423

2,55907

2.25484

1,8_510

I,54061

1,30403

i*i1875

697257

,856Cb

.76204

*68519

,62155

._6819

.52292

.48412

,45053

,42120

,39539

*37252

,35211

,33380

,31728

*3_230

,2S867

,2762 _

,26476

,2_423

,Z44_9

,f3548

,22710

021929

,21231

.20519

,19879

,19273

,18712

,18179

,17675

*17198

*167&b

,15317

,15910

,15522

,15153

,148SI

,14465

,14144

,13837

*13543

,13261

*12990

o00000

,46512

3659028

3*23928

3,06147

2.54062

2,23122

1,81892

1,5196!

1.28_07

,96_68

,851a¢

.758_5

,6_297

,61998

,56705

,52299

,48_A9

,45008

,427_4

,39511

,37229

,351_2

,33355

,31716

,3022 _

.27_13

,3647 _

.2_!_

,2q44_

,2754a

,227_7

,21927

*21196

,20517

,19877

,19277

,igTll

,IS177

.17674

,17197

,1574b

,1631_

.15900

,15522

,15153

,1%801

,14465

,141h4

*13836

,13542

,13260

*12990

,00000

,46362

3*56110

3020310

3*02088

2m48107

2,15553

im74165

1,46054

1,24760

i,07025

,94649

,838_0

,74980

)67662

,61544

*56375

.51965

,_8166

044865

*41975

,3o425

.37151

,33320

)31579

.301_n

,2_F33

,27_q2

,_645["

,Z_4_2

,244_2

,275%3

,226_7

,2191B

,71191

,20510

,19871

,19771

.IS7'3b

,13173

,17670

01719?

,167_2

,15314

,15907

,15519

,1515¢

,14799

*14463

,14142

,13835

)13541

613259

*12989

,03000

*45617

3*50424

3,13255

2a94122

2*36068

2,01175

1.62108

1,37510

I*18861

1603970

,91852

_81885

,73612

*66686

,60P37

.5585_

,51576

,_7871

,446_9

,41799

,39286

)37050

,_5049

,332_

,31619

,30140

,2P792

,27_57

,264_3

.25_77

,24410

,22514

)226£i

,21904

)2!17q

,20499

,1986Z

,19253

61869?'

,18167

61766a

.15737

,16_0';

,15515

,151_7

01_796

,1446 C

*i&139

013832

*13539

*13257

,129_7

,00000

*44428

30389(8

2,987(4

2,774_5

2*11092

1,788_!9

I*47938

I,27969

I*12_5

,99327

,885"3

,795_8

,71930

,654o2

,5o925

,55I_2

,510_7

,474_2

,443!7

*41562

*39008

*36899

,34976

,331_8

,315_7

,300"2

,287!_4

,275'W

,2632

,253.2

.243!0

,2!4:_8

,2265_

,21884

,21151

,20454

, !98)3

, 1925 !

, 18638

, 181'_7

, 176 _5

,171_0

*167_0

,!63)3

.158)7

*15_II

)15!%2

,14771

*14456

,i_I_6

,13829

*13536

,13254

*12994

,00C30

e42_19

3m3380 o

2*92020

2,69651

2,01488

1,72633

1,44409

1025568

I=10565

*98185

*87716

,78928

.71477

*65127

_59686

*54994

.5092_

*47371

*44251

*39044

136856

a_4891

,33119

*31513

,30052

.2£718

027495

,25770

,25332

,24_71

)23a_0

*22651

*21878

,21158

#20479

*19844

618685

*18154

,17858

*17178

,16728

,16301

)15895

015509

_15141

,I_790

814485

,14135

*13828

*13535

*13253

)1298_

*00000

=42351

3e26216

2.81976

2,57763

I*91040

1,66564

i=40957

1,23223

I*08903

*96944

*86854

*78299

e71015

.6_785

.59429

.54800

,50776

,_7256

,&416!

*41425

638987

,36810

034854

,33088

*31488

,30031

,28700

,27480

_26357

,25321

824362

,23472

*22644

*21872

=21151

,20475

,198_0

.192_

,18682

,18151

,17650

)17176

*16726

,1629n

,15894

*I8507

.15140

*14789

014454

*14134

*13827

)13534

,13253

*12983

*00000

,_1858

3*12323

2,62910

2,35522

1,80889

I,_0775

1,37606

1,20923

1,07261

,95756

.85988

*77663

*70545

*64454

*59165

,54599

,50622

,47137

,44057

*_1349

,38928

*36762

.34815

*33056

.31461

,30009

,28682

,27&64

,2634&

,25310

,24_52

,23484

,22637

621866

*211a5

.20470

*19836

*19240

,18678

,181_8

617647

,17173

*1672a

,16297

,15892

.15506

,15138

)14787

)14452

*14132

,13826

*13535

*13252

*12982

600000

,41323

2,32368

2*11568

2=01210

1,71817

1,55340

I*34369

1,18676

I*05644

e94577

*55123

,77024

*70069

*64077

.58896

*5439_

,50463

i47014

,43970

*&1272

*38867

*36713

*34775

#33023

*Bl&34

,29986

*28662

,27a48

,26330

,25298

024342

.23_55

*22629

*21859

*21139

.20465

.19831

,19236

,18675

,18145

,17645

*17171

*16722

,16295

,15890

*15504

*15137

*14786

*14451

*14131

*13825

*13532

*13251

*12981

,00000

*40733



PRESSURE DISTRIBUTIONS ON "WINGS OF F[NlTE SPAN FOR MACH NUMBERS NEAR 1 37

TABLE ]II. Cll()RI)WISE P]{ESSITI{E I)ISTI{II_UTIONS l;Oll %[ACI! NiTMBERS NEAR 1 AT VARIOUS

SPANWISI,: STATI()NS ()N A SEMI-INFINITE WING ttAVING A (_IllCVLA]i-AIiC I'R()FILE

0+0001 3=64225

=0005 3+30337

• 0010 3413402

o0050 2=65572

=0100 2a39891

,0200 2,08268

o0400 i*69706

o0600 1.42441

• 0800 1*20361

• i000 1,01354

• 1200 18_426

,1400 ,69008

• 1600 .54_"53

,1800 o41423

,2000 *28851

• 2200 ,16914

o2400 ,05518

o2600 -,05409

• 2800 -*15925

• 3000 -*26078

o3200 -*35907

• 3400 -.45444

• 3600 -,54716

o3800 -.63748

a4000 -*72558

.4200 -,8116.6

,4400 -,89586

• 4600 -097831

,4800 -I*05914

,5000 --I*13846

,5200 --1121635

,5400 -Ie29291

,5600 -i136822

• 5800 -la44Z33

,6000 -i.51533

,6200 -1,58726

.6400 -la65818

• 6600 --1.72814

• 6800 --1.79719

e7000 --1,86536

e7200 --I093269

i7400 --1o99923

• 7600 -2+06500

.7800 -2*13004

• 8000 --2.19*37

,8200 -2,25802

.8400 --2,32103

.8600 -2*38340

,8800 --2*44517

,9000 --2050635

• 9200 --2e56696

,9400 -2o62704

•9600 -2168658

.9800 --2174561

1,0000 -2180415

oO00 *010 *025 ,050 ,073 *100 ,125 elSO ,200

5*19276

4,49692

4.I1894

2o98763

2*54447

2o13026

1.68333

lo38536

1,14967

,94950

*77264

,61259

o46519

*32782

019861

,07620

-,04044

-o15211

-*25945

-*36295

-*46305

--,56009

--*65436

-.74612

-*83557

-*92291

--1,00830

-1009187

-Io17377

-I.25410

-I*33296

-Ie41044

-I,48662

--I*56157

--io63537

-I.70808

-Io77974

-I#85042

-io92015

-io98899

-2*05697

-2112413

-2*19050

-2*25612

-2,32102

-2,38523

-2*44876

-2*51165

-2o57392

-2063559

-2o69670

--2*75723

-2*81722

--2,87670

--2*93567

5*42427

4*79886

4*47233

3*45863

2,86828

2o28523

1.73099

1139082

I*13104

*91466

,72594

,55655

*40163

,25797

,12337

-o00372

-o12451

-*23987

-.35054

-*45707

-055994

-*65953

-e75616

-.85012

-,94]63

-io03089

-i.11810

-Io20338

-I*28690

-I*36876

-Io44909

-I.52796

-I,60546

-Io68170

-I.75672

--i.83059

-1,90338

--i.97514

-2*04592

-2*11577

-2*18472

-2*25282

-Zo32010

-2o38561

-2o45236

-2,51740

-2,58174

-2*64542

-2o70845

--2177058

-2183269

--2*69393

-2,95461

-3*01476

-3*07439

5*56770

4*98009

4o67922

3*75543

3*25094

2,58668

i*87618

io46109

1015804

,91275

*70284

,51710

034900

,19435

,05039

-o08483

-,2127_

-,33448

-o45087

-056260

-*67021

-*77417

-.8748_

-,97255

-1,06756

-i*16011

-io250_9

-1*33860

-i.42_87

-I*50933

-!.59214

-I,67337

-Io75314

-Io83152

-i.90861

-1,984_7

-2e05917

-2*13276

-2o20530

-2*276S5

-2+34745

-2*_1714

-2*48596

-2*55395

-2*62115

-2*68759

-2*75329

-2*81830

-2188261

-2o94628

-3*00932

-3,07175

-3113359

-3*19487

-3*25560

5*63643

5*06554

4*77571

3*93032

3*44087

2*81354

2,04568

lo56885

lo22403

*94951

o71792

.51527

o33345

,16743

p01380

-,12980

-*26510

-*39338

-*51566

-.63272

-*74521

"*85364

-o95845

"1,06000

"1*15859

-1,25449

-Io34792

-i.43910

-i.52818

-I*61531

-1,70063

-i*78428

-i*866_

--I.94692

-2.02610

-2.10398

-2,18061

-2*25606

-2.33040

-2,40367

-2147594

-2t5472_

-2¢61763

-2+68713

-2,75579

-2o82365

-2,89073

"2*95707

-3*02270

-3*08763

-3*15190

-3*21553

-3127855

-3134098

-3*40282

5*67739

5a11612

4*83253

4o01345

3o54815

2*95939

2e19704

I*68662

Io30897

Io00831

o75611

*53697

*34160

*16419

*00082

-015125

-e29399

--*42892

--o55717

-*6796&

--*79707

-*91004

-1101905

-io12449

-Io22672

-I,32602

-i*42266

-i.51683

-1e60875

-im69858

-I|78647

-I,8725n

-I195693

-2*09974

-2,_2105

-2.20096

-Zo27954

-2*35688

-2*43303

-2o50806

-2*58200

-2065494

--2*72690

-2*79793

--2o86807

-2o93736

-3_0058_

-3e07352

-3.14047

-3*20665

-3127221

-3033704

-3*40124

-3*_6482

-3o52779

5*70435

5*14927

4o86961

4*06692

3*61620

3*05410

2*31b82

io79662

Io39877

1,07780

,80797

*57383

*36571

*17738

*00454

-*15583

--03059L

--*44745

--.58164

-,70952

-183190

-*�&942

-1006264

-1,17199

-1,27787

-1,38059

-Io4_C_3

-i.57764

-I,67247

-I.76496

-I,85543

-1094396

-2,0305o

-2,11572

-2.I°918

-2*28114

-2*36170

-2*44093

-2o51891

-2,5956_

-2o67134

-2_74592

-2*81946

-2o89203

-2*96366

-3*03440

-3*i0427

-3o17332

-3*24159

-3*30909

-3*37586

-3*44193

-3*50732

-3o57205

-3*63615

5o72315

5*17229

4,89534

4*10365

3*66252

3o11829

2.40720

io89075

1.48386

1,14958

o86618

,_1948

o_0013

o20183

*02014

--,14811

-,3052°

-*45313

-,59_17

-,72535

-o85359

-*97561

--i.09299

-I.20622

--1,31572

--1,42184

-I*526"9

--1,62512

--I.72275

--1.81801

--!,91105

-210020n

-2*09111

-2,17838

--2+2_398

-2.34800

-2.43054

-2,51156

-2.59147

-2,67002

-2,74737

-2*92359

-2*89873

-2o97284

-3,04596

-3._1815

-3,18943

--3,25955

-3*32944

--3,39823

-3146627

--3,53356

-3*60014

-3*66604

--3,73128

5*74679

5*20122

4*92764

4,14938

3,71961

3,19632

2,52497

2*02952

1.62413

1.25032

*98217

.71898

*_8315

o26913

*07276

-*10908

-e27878

-o43823

-.58887

-07319_

-t86833

-199887

-1,12422

-_*24492

-1,36143

-I.47415

--1*583a2

-1168956

-1*792_0

-I,89338

-!.99149

-2.08730

-2*18099

-2.27270

--2*36254

-2,45063

-2053709

-2*62199

-2o70543

-2*78749

-2*88823

-2*94772

-3*02604

-3oi0322

-3*17932

-3,25439

-3*32843

-3o40163

-3*47387

"3o54526

-3*61580

-3,88553

--3175451

-3*82274

--3*B9025



_ TE('HNI('AI, REP()RT 1{-8S NATI()NAL AERONA'tVI'I(S ANI) SPACE A1)MINISTI{ATI()N

TABI.E lII. ('II_)I{I)WISE I'I{I<SS(HE I)ISTI{IBVTI()NS FOR MACI[ NUMBEI{S NI<AI'_ 1 AT VARIOUS

SPANWISIC STA'I'I()NS _)N A SI<MI-INFINITI,] WIN(; ItAVIN(; A (qRCI'I.%I{-AI{C PI{()FIIA_ Concluded

0,0001 5,76024 / 5,76829 5,77637

*0005 5a21762 / 5,22746 5*23725
.0010 _.e45gO l 4.9=.676 _ _.96773

,0050 4,17505

,0100 3,75158

•0200 3,23927

•t1400 2,59173

•0600 2,11687

.0800 ! ,72302

,1000 i,q8222

,12'20 1,38111

,1400 .81136

,1600 ,66693

• 1800 *34333

• 2000 *13705

,2230 -,05464

,24_0 -,23394

.2600 -,40260

,2800 -,56206

,3000 -,71366

•3200 -,85780

,3400 -,99586

63600 -Io12833

o3800 -1.25578

,4000 -i.37_70

,4200 -1.49752

,4480 -i,61259

,4600 -1,72425

,4800 -1,83276

,5C(0 -io_838

,5200 -2o04131

,5#00 -2o_4174

o5600 -2*23987

• 5800 -2*33583

,6000 -2.&2977

.6200 -2o5218I

• 6400 -2o61205

• 6600 -2*70062

•6800 -2,78760

,7000 -2,87308

,7200 -2*95713

,7400 -3,03983

,7600 -3812125

• 7800 -3,201a4

• 8000 -3,28047

,_200 -3.35839

,8400 -3*43524

,8690 -3.01128

.8808 -2.5_5_3

• gZ_3 -2.72236

-7._/314

,9622 -2,C7631

.9_C_ -2.?..$71

l -_.21558

_ I

4,19038 4,2_562

3o77044 3.78926

%.26460 3.28967

2,63083 2.66989

2,17107 2,22571

!•7893_ 1,86122

1,45601 1,54270

I•15704 1,25542

,88777 ,9g180

6640_9 ,74755

,4[238 ,51'93_

,200_ =, *30503

,00268 ,I0285

-,18312 ",08862

-•35841 -027556

-,52447 -,44397

-,687_I -o60_70

-183311 -,76850

-,97736 -,q2101

-I,11582 -i,0677n

-1,24905 -!,2Cq33

-i,37754 -1,3469_

-[450172 -_._7837

-1,62196 -1,60667

-1.73859 -1,73112

-1.88186 -1.85211

-I•96268 -I•06_3

-2,06945 -2,08455

-2,!7416 -2•!96q4

-2,2?640 -2,3056q

-2,37634 -2*a12_4

-2o_7412 -2,51686

-2,56987 -2,61909

--2,66_71 -2,7!925

-2,7557q -2481745

--2,84619 -2*91380

-2,95485 -3,008_o

-3,02207 -3,I0132

-3,10784 -3,I_267

-3,19224 -3.28251

-3,2753_. -3,37_o!

-3,35720 -3,L*v_a

-3.43786 -3.54366

-3•_173S -_,c.<_l _

-7•57_82 -3•711_!

-_,6722! -=.7o"52

-_•_'._s_ ¸ -_. '/_7

-?.3253_ -=..5_52

-_•97^23 -4.111_3

-:..04581 -4,1_347

-4.1179S -4.JL._ _

,50C

5,77950

5,34121

_,97210

4.2!170

3,79678

3.29q5_

2,68415

2,24720

1,581S4

1,20355

1.34780

,u0_62

_37430

,17351

-,01790

-,200_7

-,37622

-,54465

--.70675

--•_6304

-l,OISsc

-1,i(001

-I,301q7

-1,5719_

-i,70153

-i,o5061

-2_07052

-2.t£757

-2,30!q7

-2,413>_4

-2.52324

-9_63087

-2_7_55_

-2.83_77

-2.93998

-qo0392 o

-3,136_9

-3.2_285

-3,12722

-2,a200?

-2o521 _e

-3,50152

-_,(e,?

--3,777Lq

-4.0_292

-::,iI=_[

-a,177n5

-4,S78_7

"-',750 ] !*OCt - 1 lilac

5o78151

5o24357

4o07472

4,2!537

3,80128

3,30553

2,6_312

?,28994

1.00:<9E

1,60662

1,33584

],09070

,86229

,64794

,_4498

,25155

,06627

-,11188

-,28371

-,4z:o86

-,6!Oeg

-,76707

-*91893

-1,06673

-_,2107_

-1,35119

-I_<g831

-1,6222e

-!,75330

-1,88148

-?,00701

-2,i_000

-2.2505_

-2436886

-2,4q496

-'_,59896

-_,71096

-2,82105

-2192929

-a,0157 _

-3.14059

--m,ZlI37£

-3,345a0

-3,44552

-nlS_n?!

-3,5'_150

-7,_22"?

-5,01776

-4,105_I

-z..!_75

-_,2_75 o

-a,27536

-46462!_

E,7_{17! 517_171

5,3&o7P 5124777

_10749 _ 4,?74c£

4,21567 _,2156 q

3,8C167 i 3,80i6'_

3,8060? 3,3_e04

1,69389 2,69391

2,_610& 2,26112

1,91C49 1,9!061

1,60874 1,63_n0

1,339_6 1,3401£

!*C9512 !,095_4

o£6£68 ,°6n15

• 65685 ,65755

,45A86 ,457qF ¸

• 26675 ,26849

• 08500 ,08759

--,257_4 -,252t!3

-*_2CbC ¸ -,4!403

-,57_aq -,5701C

-,73182 -,72156

-,S_l!6 -6?68?6

-!,62679 -1•01237

-1,1639 _ -I,152_2

-i._9_0? -i.2q930

-1,44_08 -1,42_2_ ¸

-1,57736 -1,5544S

-',703C:? -1.6821£

-1,_352? -],':0954

-1,96202 -1,_'s_65

-2,CS_563 -2,35577

-2,207! _ -2,I759t

-20_2657 -2,79417

-2,44_8 _! -2,41070

-_655975 -_,52557

-2,_o53_ -2,o5096

-3,!l_/J -3807753

-_82]_ -_,1_2 _7

-_lq?_?_ ' . -26!_70

-?,6"_77 -3,5_7%._

-_,%2_?I -_,79757

-=,_2317 -3,_6613

-'.,01 _ -_,qO_TS .

-a,11372 -4,0c, 03!_

-_:,297_6 -_.186II

-4,2o9_ -4,2_0ca

-A,_9Ig? -A,274_!

-_,4_226 -4.46£0 _

20508 50.0_0

5,78171 5o78171

5,2&_77 5,24_77

4o9749', 409749!i

4,2]q6 _ 4,21565

3.80165 2.80169

3.30604 ?,3_6,24

2._9392 2,69392

2,26112 2.26112

1,0!061 !,0!061

1,608q0 1,60890

!,3491_ !,3401 e

I,CO54_ 1109544

• 967!5 .£6915

.65752. .65755

,_5705 •4_v06

• 26_49 ,26849

,0R759 108759

--,085R6 --,08586

-,252_'0 -,25280

-,413_!7 -,41397

-.5_9< _ -.5659 o

-•_?27: _ -._213F

--._{!?}7 -.$_F_7

-i. OlleaB -!.C!19_

-i.1517 _ -!,15177

-1.2h843 -i,2£(43

-1.4723_ -1,4226%

-!.5527_ -i.552_7

-l,6r<li! -I.6917_

-i,5,37_ '7' -1._$7!£

-I,830_4 -!,930°_

-2,0_23g -2,05237

-2,1719 _ -2,1719!

-2.£0957 -2,2;3_56

-Z.405_5 -2,435_ _

-2,5196_ -2,_1962

-2,62223 -2.53220

-2,74733 -2,74_2_

-2,95291 -2,25285

-2,9511_ -2,961S7

-3,96'10/. -_,0679{

-3•7'7£1. -_,277 _:_

-2,_:;_47 -_.3£122

-2.58468 -3.5£a40

-3•6P47 _ -3,684a0

-2,793_i -2,75742

-2.8_I_2 -',8e14_

--&,975a1 -4,07481

-&.lTO_& -_.,17016

-4,265/!& -4_26468

--4.359_< -4,3q839

--&.452_5 --4•4=I_I

J



PRESSUI{E I)ISTRIBUTIONS ()N %VIN(;S ()F FINITE SP_N FOt{ MACH NUI%IBERS NEAR I 39

TABLE IV.--CII()I{I)WISE I'I{ESS[I{I,_ I)ISTI{II_ITTI()NS I,'()R MACtt NI'MBI.;I{S NEAR I AT VARI()IS

SI'AN\\'ISESTATI()NS()N FINITIC-SPANI_ECTAN(;[']._I{ WIN(;SIIAVIN(; ('II{(_ILAI{-AI_(' I'R(}FIII.'S

,000

5.78171

5*24377

4a97495

4a21569

3,80169

3,30604

2a69391

2,26112

1,91061

i#60890

1,34018

1,09544

,86915

,65755

,45798

,26849

.08759

-*08586

-*25280

-,41397

-056999

-*72138

-,86857

-1,01194

-1,15181

-1,28846

-1,42212

-1.55305

-i,68140

-ia80737

-1,93109

-2,05271

-2,17237

-2#29017

-2,40622

-2.52060

-2,63341

-2,74473

-2,85462

-2*96316

-3,07040

-3,17641

-3,28123

-3,38490

-3,48748

-3,58901

-3,68952

-3,78903

-3,88762

-3,98527

-4e08205

--4,17795

-4.27301

-4036727

-4046072

0,0001

*0005

.0010

,0050

*0100

,0200

*0400

,0600

,0800

.I000

.1200

,1400

,1600

*1800

.2000

,2200

*2400

*2600

*2800

*3000

,3200

.3400

,3600

,3800

,4000

*4200

,4400

0_600

,4800

,5000

,5200

.5400

,5600

.5800

,6000

,6200

,6400

*6600

,6800

,7000

.7200

,7400

,7600

,7800

,8000

*8200

*8400

,8600

,8800

,9000

,9200

#9400

,9600

.9800

1.0000

xo

CdFH

cdw

, 50 ,500 ,700 _ ,800

5,78171 I 5,78171 5,78089 5,77637

5,24377 5.24378 5*24279 5*23725

4.97495 4*97493 4,97384 4.96773

4*21569 4*21567 . 4,21418 4,20562

3,80169 3.80167 3,70979 3*78926

3,30604 3.30602 3,30354 _,28_67

2*69391 2*69389 2,50017 2,56909

2,26112 2026108 2,25576 2*22571

1,91061 1.91049 1090308 1,86122

1.60893 1.60874 1,59835 1,54270

1034018 1,33996 1,3250_% 1,255&2

1,09544 I*09513 ! 1,07524 ,991fi0

086915 *86868 ,84232 *74755

,65755 .65685 ,62325 * 51935

,45798 *45686 .41568 030503

,26849 ,26675 * 21793 * 102_ 5

.08759 *08500 .02880 -,088_2

-*08587 --*08955 -,15267 -,27056

-*25283 -e25784 -,3_774 -e44_97

--*41403 -,42060 ! -*4955G -i 60 _)7$)

!

: -*57010 --,57843 i -.65813 -*76PEO

II -.72156 --,73187 ! -,8!5_7 -.921CI

,; -,86886 -,88116 -,96774 -1106779

!-1,01237 -I.02679 -1,11556 -1,2C033

!-1,15242 -1,]6899 -I,7591E -1,3q606

-1,28930 --1030802 -I#39878 -I.47839

--1.42324 !--1.44408 -1,53471 -1160664

--1.55447 -le57736 -I,66715 -1,7]_11

-1,68319 -I.70802 -1,79632 -1*_5210

I-I,80955 -i*83620 -I*92242 ! -i*96904

-1.93370 -1,9620_ -2,04562 -2,tB456

I -2*05577 -7,0_533 -2*16606 -2,19645

I -2,17590 -2,20712 -2,28390 i-2#30_68

I -2.29418 -2,32657 -2.3°92g ]-2*41244

-2,41072 -2.44409

! -2*52559 -2#55975

-2063889 -2,67364

-2,75067 -7*78581

--2*86102 --2,89635

-2,9699_ -3,00530

--3,07762 -3,11272

--3,18399 -3,21868

--3*28918 -3,32322

-3*39310 -3,42689

-3*49592 -3e52824

-3,59765 -3062879

-3,6983! -3,72813

-3.79793 -3,82624

-3,89657 -3,92322

-8.9942Z -4,01904

-4,09096 -4.11378

-4e 18676 -4,20746

-4,28167 --4*30010

-4037574 --4o39176

-4,46894 --4,48242

60 .'7 _ 4

,85®

5,76829

5,22746

4*95676

4*19033

3*77044

?.e26460

2,63083

_#17107

1,78935

1,45601

!.15794

*_8777

.64049

,41238

,20055

.00268

-,18312

-,35841

",52447

-,68241

-*83311

-*97735

"I,11582

--1,37754

-1,50172

-1.62196

-1,73£5q

-1.85!86

-]*96208

-,?006945

-v,17416

--]*27640

--],37634

-2._i1232 I-a,516a6

-2.62319 -2,61010

-2,73185 -2,71_25

-2.83_55 -2,R174 =,

-2,94334

-3,04629

!-3,24703

I-3,34497

-3*44137

-3*_3531

-3.629_4

-3,72201

-3,8129_

-3,90252

-3099093

-4,07_2_

-%*16434

-4,24941

-4,33844

-4,41647

-2,o1_80

-3,00840

-3,10i32

-3,19267

-3,28251

-3*37091

-3e45794

--3,54367

-3,62_I4

"3,71140

--3*70355

--3,87456

--3#95&55

--_*0339 ° --3,99962

--_.111461--3*97326

--4*18851 --4,_4606

---+,26464 --4,1]S04

,900

5,74679

5,20122

4*92764

4,14938

3,71961

30196_2

2,52497

2.02052

I*62413

1,28032

*08217

,71_98

,4_315

*26013

*07276

-,1090_

--.2797_

--,43923

-*5._887

-.7_193

-,86_33

-,99q_7

-i,127422

-1,24402

-1,36143

-1*47415

-1*58_43

-Im6£,057

-i,7927_

--2,05730

-2,181'30

-2,_7269

-2,67617 -7._5254

-2,56_71-2,4%064

-?.663711-2,53709

-2,75_75 -2.6_19_

--2,q'.610 --2*70543

--_0_R495 --2*78749

-3.07207 i-?,q6827

--3*_9784 l--2*94773
"3*10225 i-3,0_634
-3,27535 -3,10222

-3,35720 -3,17932

-3,43786 "3,25440

--3,517391-3,32849

-3,595841-3*40165
--_.67324 -3,%73_9

--3,74963 -3,54526

-_,82510--3,61583

--5,68557

--3*75454

--3*82279

-3*80031

:, ooo .,,,5,1 11648 i 1.11641 i,I]363 [ !.07978 1,00754 ,93696!

4*7539 4,76187 4,78521 4,74691 - 4,58495 I 4*40717
I

,17679

i.....,..o
5*67739{ 5o56770 5*37199

5e11512 1 4*98009 [ 407_177

4,83253 4*67922 I 4*39482

4001345 3*70543 / 3,3_585
3#54815 3*25094 | 2*75011

2,95o39 2058668 2*2_753

2o]9704 1,87618 I*71033

1,68662 1o46109 1,38472

1,30897 1,15904 I*1_319

i*008_I ,91275 ,92231

,75611

,53697

*_4160

016419

,00092

-,15125

-02q300

-,42_o2

-,55717

-,67964

-*79707

-,910_4

-1*01905

-I.I2449

1-10£2672

*70784

,51719

,_4o30

,05029

-*08483

-021275

-*33448

-*45087

-*_6260

-*67021

-,77417

-*_7494

-¢o7255

-1,05756

-i*32602 i-l,lSOl!-I*42266 -II250!0

l-!.515_ I-1,33_60
-1160875 -II42487

-1.6995_ --__050993

-_,78647 -1,59214

-I*37254 -I,67337

-],9569_ :-I,75314

-2*03974 !-_,.31._o e_

--?,200?6 --1498h!_7

--2,27955 --2*05917

--20Z569!] ' -7*13276

-2*4330_ -7*?0530

-?,50906 -2*77685

-2_5R201 -2* 747'_5

i "2065494 -2,41714-2*72690 -_e48506

: -],79793 --2*55396

"20 F_6808 --2,62116

-2,9"_737 --2 ,68760

--3*00585 --2,75330

-3*07353 -2,81832

-'% 140%9 -2*88264

-3i20670 --2*q4630

-3e2722_4 -3,00936

-3*33708 -3,07179

-3,40120 -3013355

-3,&5488 -2* 19494

1.000

f

,20259 I *22612

3,3_244

3,64225

3*30337

3*13402

2*65572

2,39401

2,08268

1,69706

1,424al

1,20351

1.01_54

e73764 *84426

,5713 ° .69008

,41002 m54753

• 2774_ e41423

,14470 *28851

-*I0020 ,35518

-*21423 -*05409

-*32387 -,15925

-*42939 -.2607_

-*53133 -,35o$v

-,63306 -,45444

-*725o0 -*547]6

-i]0994 --,7_=5_

-.99_56 -081166

-!*08515 -.905_6

-Io16o87 -.o7_?I

-!,25284 -I.05o14

-]*q_41 ° -I*I_46

-1.41_07 -!,21635

-!.497n_ -1,792oi

-_,56_4o -i,3_9_2

-I,64530 -I,_4?=?

-],7109! "I._15_3

-1.79739 i-I.5_726

-I,86580 :-I,658!8

-1,93720 -I,72914

"2,0076_ --ie7971 e

-2*97714 -1.365_6

-2,14576 -1.9327$

-2,21355 -1.99924

-2*28057 -2#05501

i-2,34675 -2.1300_

-2,4!22! -2,1o'_3_

-2.47607 _gom_-20 ....

-2,54!0 a -2,22104

-2,60&47 --2088347

--2*66725 -2,d4519

-2,72943 -2m5067_ !

-2,79101 -2,58701

-2,8820? -2*6270£

,--2,9124 ° "2,68664
I-2,9T'243 "2,74568

-3,03185 -2._047?

• 24087 .25000

•64318 I ,70332

31;;o,27 2.99,5J



40 TECHNICAL REPORT R--SS--NATIONAL AERONAUTIC5 AND SPACE ADMINISTRATION

TABI.E IV.--C|tORDWISE PRESSUIII:I |)IST1HllI:TI()NS 1.'()1'_ MAClt NUMBEI{S NEAR 1 AT VARIOUS

SPANWISE STATI()NS ON I.'INITE-SPAN ltECTANG['I.AI: WINGS tIAVIN(I (?IllCULAII-AlfC PRO-

FILF_--Contim.'d

O,O001

,0005

• 0010 J

,0050

,0100

,0200

,0400

,0600

cO800

,1000

,1200

,1400

,1600

,1800

,2000

,2200

,2400

,2600

,28C0

,_000

,3200

,3400

63600

,3800

,6000

,4200

,4_00

,a600

.48.20

,_260

,5200 -I,_3647

,5_00 -2,05908

,5600 -2.17977

,5800 -2,29865

,6000 --2e4158/

,6200 --2,53135

,6400 -2,64531

,6600 -2,75778

,6800 -2,86882

,7000 -2,97848

,7200 -3,08681

m7400 -3m19386

,7600 -3e29966

,7800 --3e4_426

,800C -3,50770

e8200 -3,61001

,8400 -3,71121

,8600 --3,81136

,8800 -3,910&_

,9000 -4e90851

,9200 -4ei0560

,9400 -4,20171

,9600 -4129687

,9800 -4,39111

i ,0000 -4,48_43

_- cdFH 1 1,11630

I _dw l 4'77396

-\000I +]_0

5,78171 5,78172

5,24377 5,24378

6_97695 _m97696

6,21569 _,21571 i

3,80169 3,80167

3,30604

2e69391

2,26li2

1,91361

1,60890

1,3_018

Ie095_4

e86914

,65755

,45798

e26848

,08758

-,08589

-,25286

-,_1409

-,57021

-,72175

-,86915

-I,C1281

-I,15305

-I+29015

-1,42439

-1,55596

-I,68505

-i,811_4

,500

5,78153

5,24357

4,97672

4,21537

3,80128

3630607 I 3,30553

2,69389 i 2,69312

2,26109 2,25994

1,91058 !,90898

1,60886 1,60662

1,34013 1,3368_

1,09537 1,09070

,86903 ,86229

e65740 e64794

,45772 ,4449_

,26805 ,25155

,08687 ,06627

-,08700 -,II188

-e25450 -,28371

--e41640 "e44986

--,57370 --,6108 _

--e72575 --e76787

--,87414 I --,91893

--I,01888 --[e06675

-I,16018 -1,21074

--Ie298_8 "I,3511e

--1,43368 i-l.48831
-1.56629 I-1.62229

-1.69677 1-2.75320

-1,82_27 -I,3SI 6_

-1,949<2 -2,00702

-2,07285 !-261300 a

-2,19816 -2,25062

-2,31358 -2,36892

--_._3II2 i'--2146507
!

--2e54693 I-2.599os
-2,66107 -2,71110

-2,77361 -2,82124

-2,88460 -2,o2754

-2,9°410 i-3,03510

-3,10217 !-?el40°C

--3,2_.386 -a,2442 _

-3*31021 -3*3a50_

--3.41827 -3,44622

-3,52108 -?,54504

-3,62268 -3e6_2%7

-3,72310 -3e73857

-3,82237 -3e83341

-3m92054 -3,02699

--4,01762 -4101939

,700

5,77834

5,23969

4_9703_

4,20934

3e7938o

3,29570

2,67831

2.2388c

1,87940

1,56629

1,28391

Ie02450

,78321

,55702

,3437 e

.!_187

-,05002

-,2%295

-,40782

-e73870

-,89115

-Ie04045

-le1846_

-I,324!?

-1,45925

,800

5,76829

5e22748

4195676

4,19033

3,77044

3,26460

2e63083

2,17107

(h) ":'4"= :_;

" 5..75442 5,72 43

5e2105_ | 5e17229 1 5106554
z*,9379_* _ 4189534 I 4177571

4,16399 4,10365 I 3,93032

3,73775 ! 3,66252 1 ?i_087

I
3,22082 3,11829 I 2e81354

2,5629_ 2,40720 2e04568

2,07838 1,89075 1156_85

1 78935
!:45601

1,1577_

,88777

,64049

,4123_

,20055

,00268

-.18312

-.35R41

-*_2447

-,68241

-,8_311

-,97736

-!,I1582

-1,24905

-1,37754

-1,50172

-i.59036 ]-i,62196

'-I.?3_57

-1.71772 -i._5186-1.8415_

-Ie9521 o i-1.9620_

-2,$7976 -2,06945

-7,1944 _ i-?,17417

-2.70654 l-2,2754_

-2,:,1607 I';?,37635

-J,52_Zn -$,47414

--2e62017 ,--2,55990

--2e75100 '--2,66]76
-2,93183 I-2.7558!
-2,n3076 12,8_61e

-3,02791 -2093495

-3,127_ _ -_lOP2?i

-3,21717 -5,!0_02

-3,_D9_% -3,IO24g

--_,/.0026 --_,27_6 z_

-3,49966 -3.25756

-3,_7777 -_.4783C

-3,85451 -3,51701

--3,75000 --3,5_645

-3,83a45 -3,67399

-3,91768 -Se7504&

-4ei1366 -4,11065 -3,09985 "3,82604

-4e20866 i-4,20077 -4e09097 -3190069

-4e30266 I-4e28982 -4e16107 -3197447 1
-4,39570 Li_41377g_+ -4e24021 --4104741

-4,4877_ -_l_6483 -4.318'_3 -4,i1954

,24870 ,23485 ,20310 ,18259

1,11526 ie10166 I 1,03311 ,93696

4*78360 4e78 4,64516 4,40780

!,67830

!,33505

_,03435

,76688

,52588

,80633

,I0441

-,08284

-,25774

-.&2212

-.577_3

-,72_3r

-e86542

-egn98P

-I*12892

-1,25310

-1,3v291

"1.48876

-1,60100

-1,70996

-1.81582

-],c1902

-2,01960

-2.:177_

--2?,21370

--',30757

-,4395 _

-2.57797

-2,66475

-2,75000

-2,83381

-2,91625

_2e9_74_

-_,0"734

-3,15607

-3.23372

-3e31032

-3,38588

"3,46040

_3,59414

-3,60692

-3_67883

-3e7_992

_3e82022

_3e88976

-?,95856

1e&8386 1e2240 n

1,14958 ,94952

18661_

,61049

,40013

e20183

-,148!i

-,30§29

-,4571_

-.50217

-,7263_

-,97561

i-1,09299

--1,20622

-1,31572

-Ie52_R9

-1,62512

-1,72275

-1,9110 _

-?,00_04

-2,00112

-2,1784C

!-2,26_00

-2,3480_

--2,43059

-_e51174

i-2,50157

-2,57015

!-2,7475%

i-2,8238!

-2,97317

-3,04636

!-311186_
!-3,19000

-3,26051

-_,_3023

-_,39913

-3,_6728

-3e93472

-2m60144

-3,6674_

-?e7328_

,17646 ,18443

,86153 ,76622

4,20355 3,91605

,717_!

e_t527

t3_246

.1674_

e01380

-,12980

",28510

-,3n_38

-,51566

_e6_272

-e74521

-,55364

--195845

-!,05000

-!,25449

-[134792

-!,52418

-I,AI_32

-1670_6_

-I178a28

-ie_6635

5*51187

4.91001

4e57964

3166201

3e093_8

2_a3966

1,79692

ie41914

1,!3799

e90737

,72_26

,530_I

,36935

e22026

e0810_

-,05008

-,17_40

-.29292

-,406_2

-,51553

-162075

-*?2251

-,_2115

-e9!697

-Ie0!022

-I*I0111 -.96204

-Im18685 -1,048o2

-1,27659 !-_,_3307

-i,36147 -i 21551

"i14446& ,29657

-1,5251 o :-!,9756 _

--IlL'Of: _= i-Ioz_536_
-ii9_69% i-1,76220 -1,60566

"'t02614 -1,83_7_ ;-:,679_7

-2,1040] i-1,91214 -1,752oP
-2e15057 .-!,99_90 I-1,8250 t_

-7+25615 _-_,05959 I-I,89611-2,3?052 -2e13128 -I,96622

-2e_O393 -2,20201 -2,835_?

-2e47614 -2e27193 j-2.10372

-2e54769 --2134078 I-2,!71ol
-2,61793 -2140_89-2,23805

-?e68750 -2,4762_ i-2,30403

-217562_ -2e54276 {-2,36920

-2,_2418 -2,6C85S -2142387

-2_89136 -2,67369 -2,%9776

-2,93779 -2,73814 -2,56102

-2,02354 -2egC192 -2,62567

-_.e08052 -2e86508 -2,68571

-3e15297 i-2,92765 -2,74718

-7,71676 -2e98962 -2e80809

-3,27992 -7, e05103 -2_86846

-2,34250 -2,11189 -2eq2832

--3*40450 -3e17223 {-2,n8767

166738_58_.64878

i3.220132 9/1.09

_; 41 .99; 1.ooo
5e3006_ 3e64225
4,6_917[ 3,30337

4e28677 3+13402

3e17787 2,65572

2e64917 I 2.39491

2*17522

1,89400

1,3824_

!,1390 _

,93356

1752R =

,58c72

,43084

,3003?

,1694]

e04546

-,07255

-,18545

-,29388

-,_9R37

-e499_C

-,89726

-,69234

-_7848287496

2,08268

1,69708

!,42_41

1,20361

1,01354

,84624

,6900 c

,54753

e4142_

,28851

,1691_

.0551_

-,05_09

-,[5925

-,2607_

-,_592-

-,454%&

-,5_716

-,63747

-,72558

-,8!166

-,905_ =

-,07931

-I.0591 =

-i,13_c6

-1,2!626

-1,30824

-l,Aa2_7

-1,5!§_S

-1,58732

-i_6592 m

-I#72828

-i,79734

-I,.65_5

-!s999<_

-2,06526

-2e13047

-2,194_8

--2_25853

-2,32Iv3

-2,38421

-2.44610

-2,50740

-2,56816

-2.62_37

-2,68_05 [

-2,74725

--2,_0504

+25000

,70334

2e99230



PRESSURE DISTRIBUTIONS ON WINGS OF FINITE SPAN FOR MACH NUMBERS NEAR 1 4I

TAF, I,E IV. C}tOII1)WISE t'RESSU'RF I)ISTRIBI;TIONS FOR MACIt NUMI_,I.:RS NEAR 1 AT VARIOUS

SPANWISE STATIONS ()N FINITE-SPAN IIECTANGI, YI, All WINGS ItAVIN(I (;IRCULAR-ARC PRO-
FII,ES --Continued

(c,) :1 = 2

e700 o800 e850 .900 o950 o975 e990 liO00
o000 o_O i_O0

060001 5m78168 5m78153 5m77959 5m76829 5m74679 5m72315 5m67738 5o56T'tl 5m42_27 5m19276 3m64225

o0005 5m24375 5124356 5m24122 5m22746 5*20122 5a17229 9m11615 4e98009 4179886 4a49693 3m30337

*0010 4,97491 4.97471 4,97211 4m95676 4,92764 4.89534 _.83250 4o67922 4o47233 4m11895 3.13403

*0050 4*21565 4*21537 4121170 4.19033 4*14938 4,10365 _.01341 3o78543 3e45863 2,98763 2*65572

.0100 3.80165 3.80128 3.79678 3m77044 3m71961 3.66252 3.54819 3.25094 2*86828 2m54447 2m39491

.0200 3.30601 3,30553 3.29958 3.26460 3.19632 3111829 2e95935 2.58668 2o28523 2*13026 2*08268

,0400 2.69382 2.69311 2.68415 2.63083 2.52497 2.40720 2.19708 1.87618 1.73098 1,68333 1.69706

.0600 2.26099 2.25994 2.24720 2m17107 2m02952 1,89075 lm68670 lm46109 1039082 lm38536 1.42441

.0800 1.91038 1.90898 1.89109 1.78935 1.62413 I.#8386 1.30905 Io15804 1.13104 Ie14967 Io20361

.I000 1.60865 1,60661 1,58184 1,45601 1,28032 Io14958 1.00820 e91275 .91466 o94950 1101354

a1200 1,33976 1.3368_ 1.30355 1.15794 o98217 186618 o75612 o70284 e72894 177264 .844_6

o1400 Ie09_90 1.09069 1.0_780 .88777 ,71898 061948 o53697 151710 e55655 .61259 o69008

i1600 ,86890 .86228 e80962 o64049 i_8315 .40013 134160 ¢34900 a40163 e46519 ,54753

.1800 .68617 .6_792 .58586 ,41238 .26918 ,20183 o16419 e19_85 ,25797 *32782 .41423

o2000 .45578 _44_95 ,37436 .20055 .07276 .02014 ,00082 105039 .12337 .198{i .28851

.2200 ,26510 ,251%9 .17351 .00268 -.10908 -,14811 -,15125 -.08_83 -.00373 ,07620 ,1691_

02_00 .08256 .06616 -_01790 -e18312 -027878 -o30529 -,29399 -e21275 -o12_51 --a04044 ,05518

.2600 --009301 --,11209 --020088 --e85841 --,_3823 --._5319 --0_2892 "133448 --.23988 --_15212 --,05409

.2800 --.26254 --.28a06 --.37623 --,52_a7 --058888 --o59317 --,55717 -.45087 --035055 --,25946 --,15_27

.3000 --e_2676 --e_SO_l --0_4&67 -,682ai -.7_193 --.72636 --.67965 -o86261 --e45709 --,_6298 -.26CSI

e3200 -e58625 -.61167 -e706_0 -.83312 -e8583_ -o85360 -$79709 -.67025 -.55e98 -e46_I0 -._5912

.3&00 -,7W145 -076828 -_86314 -.97739 -*99890 -.9756_ -,9]009 -177_23 -e_59_i -e_6018 -e_5454

o3600 -o89275 -.92062 -i.014|8 -1o11587 -I.12a28 -I_09_0_ -I,01913 -e87496 -|75630 -*6_457 -.587_

,8800 -I.0_045 -1.06899 -1.1%092 -I_2A915 -1.24502 -1,20634 -I.i7464 -e97274 -.8503_ -17_6_6 -._77&

o_000 -I_18481 -1.21368 -1.30194 -1.37772 -1,36161 -1,31592 -Io22696 -Ia06786 -.94197 -.8359_ -_7259P

.4200 -i*32605 -1.35491 -1,439_8 -1.5C201 -i.47444 -ie42216 -Ii326_9 i-io16056 -I_03140 -.92_a5 -.8127_

e4400 -I_6435 --1.49292 --Ie57291 -10622_I -1.58386 -1o52536 -Io42320 -1.25104 -1,11881 -1,00905 -.89664

,4600 -1.59985 -1,62788 -Io70285 -1.73924 -Io69019 -1.52880 -1,51759 -1,339_S -1.204_5 -Ie09290 -.97937

.4800 -im73273 -1.75994 -1,82943 -Io85278 -1.79369 -1.72869 -1060979 -ieA2605 -1.2_817 -!.17511 -1.06052

*5000 -ie86308 -1.88926 -!.95286 -Ie96332 -1.89457 -1.8192_ -1,6999_ -Ie51086 -I_37040 -1,25580 -_.!402_

_5200 -i,_i01 -2.01599 -2.0733_ -2_071C8 -1.99305 -1o91268 -1,78_27 -1,59&07 -io_5113 -I,735CS -!,_I_53

.5_00 -2ei1663 -2.1_023 -2,1910_ -2_17624 -2¢0_o29 -2o00&09 -!,_7_73 "Ie57576 -I|5_0a7 -I,%130_ -!.2955_

e5600 -2¢2_003 -2,26210 -2,30614 -2o27899 -2,183_7 -2._9365 -1,959CI -Ie7560_ -Ie508_9 -1.48977 -!037]_8

o5800 -2036128 -2.38169 -2¢41879 -2137950 -2027571 -2_18146 -2e0429_ -Ie83497 -!e68528 -Io_6575 -!o44607

*6000 -20_80_6 -2._9911 -2e52911 -2o_77_0 -2e36815 -?#26765 -2e12%87 -]IQ126_ -1176090 -]m53965 "leSlq_7

.6200 -2.59764 -2.614_3 -2*63721 -2,57433 -2,_5485 -2o35230 -2,20541 -1098915 -Io835a2 I-Io71300 -1.59225

,6_00 -2_71288 -2,72773 -2,74328 -2.66_89 12_5_02 12,&3551 -2o28_67 -2e0_52 -]eo08S_ !--117853_ --Io65385

.6600 -2082625 --2.83909 -2.84726 -2m76169 --2e627G_ -2e51735 -2,36271 -2e13882 --Io9813_ --1e35672 -1,73_51

*6800 -2o93780 --2o94857 --2.9_939 -2,852_3 -2.71183 --2.59789 -2.a3959 -2.21209 -2005285 --lo9271_ --I._0429

.7000 --3,04758 --3,05625 -3e04970 -2.94239 -2o79_66 --2.67720 --2,51527 --2_28438 --2_12_4_ --ie99676 -1.87320

,7200 --3o15563 --8,16217 -8o14827 --3,0304_ -2*87619 --2.7583_ --2.59008 -2.3557_ --2*19315 -2,06550 --!,94199

07_00 --3,26203 I-3,266_0 --3e24517 -3,i1705 -2o95649 --2.8323a -2,66379 --2_2620 --2.26201 -2.133&_ -2,00859

_7600 --3,36680 !--8o36898 --3.3_0_8 --8,20229 --3.03560 --2o90827 --2e73653 --2_9579 --2.33006 --2.20055 -2,07512

.7800 --3.46999 --8,_6998 --3.48_28 --3,28622 '--3.11388 --2.98316 --2,80833 --2e56_54 --2e_9732 --2*26692 --2,14090

.8000 --3e57164 --3e569_3 --3e5265_ --3e36889 --3.190_7 -3.05706 --2.87923 --2e_32_9 -2_4_82 -2.53256 -2.20598

,8200 --8o67179 --3.66737 -3061740 -3ea503_ --3.26531 --3o13000 --2,94927 --2_&9986 --2.52958 --2_397W9 -2.27035

.8_00 --3.770_9 --3.76387 --3,70689 --8.53063 --3,3411_ --_.20201 --3o018_7 --2e76608 --2o59_64 -2,46173 --2e3_05

,8600 --3.86775 --3.8587_ --3_7950_ --3.50980 --3._1500 -?.2731_ --3o08684 --2.83176 --2.65899 -2#52530 --2039710

.8800 --3.96362 --3.95265 -3*88192 -3.68787 --3.a8792 -_.3_339 -3,15&_5 -2.89674 -2.72266 -2*58521 --2*a5951

,9000 --_005816 --_.0_500 --3.9675_ --8.76a92 --3.5599_ -3_41281 --3,22128 -2e96101 -2o78570 --2.65050 --2.52130

.9200 --4.15136 --_013604 --_.05197 --3.8_093 --3.53[06 -3.481_3 --3$287_9 -3e02_62 -2$8_808 -2,71215 --2,58247

09_00 --4o2_326 --4,22584 --_.18521 --3.91598 --3.70133 --3.5_92_ --3.3527_ --9.08758 -2o90985 -2.77821 --2.64306

¢9600 --4,33392 --4,31437 --4.21732 --3,99007 --3,77077 -?.61531 -3,_17_3 -_e14990 -2_97100 -2,83368 --2,70307

o9800 --4,42334 --4.40171 --4_29834 -4,06323 --3,83941 -9,68268 -3.48143 -3e21159 -3_0318_ -2e89357 --2,76252

I¢0000 --4.51156 --4,48787 "_,37827 -4e13550 --3,90727 -3.74822 -3.54475 -3o27268 -3o09155 -2.95290 --2.82142

?% .2_366 .23_70 .20970 ,18259 ,17679 ,184_3 .20259 o22_12 _23817 ,2_530 .24998

_dFH 1.11059 1.10128 1.05259 .9369_ ,83176 ,76620 .69795 o64_42 .63957 ,65797 o70380

_d W 4,82225 4o80685 4.70476 4.41969 4*12958 3.92734 3.67815 3e87460 3e19980 3e08569 3000390



42 TECHNI(b_L REPORT I{--SS --NATIONAL AER()NAU'IICS AND SPACE ADMINISTRATION

"I'AI_I,I", IV. Clt()I{I)WISI'; I)I{I:,SSVI{I'; 1)ISTI{IIH'TI()NS 1"{)t¢ MACtl NV.MI',I';I{S NEAI{ 1 AT VA.I{I()['S

SI'ANWISE STA'I'I()NS ()N I:INITIC-St'AN I¢t';('TAN(;Iq. AII WIN(_S ItAVING (_II{(_I'LAI_-AI{C l'l(()-

1:[ I,I';S (_onlimw(t

(d) .1 : I

0,0001

,0005

,0010

,0050

,0100

,0200

,0400

,0600

,0800

,1000

,1200

.1400

,1600

,1800

.2000

,2200

*2400

,2600

,2800

,3000

,3200

,3400

,3600

,3800

,4000

,4200

,4&O0

,4600

,4800

,5000

,5200

,5400

,5600

,5800

,6_00

,6200

,6430

,6600

,6800

*7000

*7200

=7_00

,7600

,7800

,8000

,8200

,8400

,8600

,8880

,9000

CdF[ !

Cp - 2_

*000 .850 .900 1950 o975 o990 I*000

5,77808

5,23935

4,97003

4,20891

3*79333

3,29492

2,67711

2,23722

Ie87693

1,56219

1,27660

1,01229

,76460

*53075

*30891

,09779

-,10359

-.29802

-,48018

-,65862

-,82587

-,98836

-I,14_53

-I,29475

-1.43938

-I,57870

-I,71307

-1,84274

-I,96797

-2,08898

-2,20603

-2,31932

-2,42904

-2,53536 -2,51433

-2.63847 -2,61501

-2o73853 -2,71276

-2,83568 -2,80773

-2,93007 -2,W0004

--3,02181 -2,9898_

-3,11106 -3,07722

-3o19791 -3*16231

-3*28247 -3,24520

-3,36486 -3,32600

-3,44515 -3,40479

-3.52345 I-_,48167

-3,59985 -3*55671

--3,67441 -3o62997

-3,74721 -3e70157

-3t81837 -3677152

-3,88787 -3,83991

-3*95582

"4o02232

--4,08736

--4*15103

-4*21339

72291

38201

.08071

,81046

56490

,33955

,13047

06502

.24902

,42313

,58861

,74543

,89735

_04203

,18100

,32472

_44556

_567_7

_63795

b;28405

,91641

_02527

bI30C0

b23320

,3326C

34291:

,52337

170330

o78907

o87422

,956'_5

#18705 *18282 ,17393 ,17995 ,19433 ,2031 ,21207 122092

1.00027 *96961 *87621 ,75893 ,68748 ,656_ *63272 ,62712

• 22525 ,22780 ,22949

,64009 ,65951 ,68997

4*61658 4*54841 4,304_2 3,95312 3,70789 3,564_ 3*40724 3123318 3113921 3,07965 3oCl37_8



PRESSURE I)ISTRIBUTIONS ON WINGS OF FINITE SPAN FOR MACH NUMBERS NEAR 1 43

TABI,E IV. Ctt()I{I)WISE I'I{ESS('llE I)ISTRIB('TI()NS FOI{ MAC]I NI'_IBEI_S NEAR 1 AT VARIOVS

SPANWISE STATI()NS ()N FINITE-Si)AN RE(_TAN(;IrI,AI_ WINGS IIAVING CIIiC[;],AI{-AIt(_ I'R()-
tqLES C(mti_m(,d

((') _ =t).7

Cp - 2i_ I

*250 ,500 ,700 o800 ,850 .900 6950 o975 #990 1*000
,000

5,76805 5,76153 5*73657 5,68359 5e62552 ! 5e57651 5e49753 5=33915 5=15510 4*8T513 3*640880*0001

*0005 5=22717 5*21915 5*18876 5*12375 5*05205 4,99[04 4#89190 4#68929 4=4&651 4=05759 3*30170

*0010 4,95644 4,94763 4*91366 4,84106 _,76049 4*69168 4*57899 4*34547 4,05863 3*60676 3*13215

*0050 4*18986 4,17753 a*12965 4,02576 3*90787 3*80445 3*62935 3*26085 2*93676 2*74609 2*65315

*0100 3,76978 3,75452 3,69514 3,56394 3*41152 3*27572 3,05380 2,70315 2*51836 2*42987 2,39173

*0200 3*26378 3*24339 3*16289 2*98131 2*77529 2*61311 2*40743 2e19837 2*11743 210841_7 2*078_6

,0400 2.62944 2*59790 2*47375 2*22322 2.01145 1.89168 1,78008 lo69759 1*67565 1*67643 ]*69072

*0600 2*16845 2,12461 1.96633 1,70878 1.54393 1.45794 I*_0805 1.37568 1.37948 1.39259 i*41541

.0800 1.78194 1.72925 1,55657 1,32473 !.20508 1,15818 1.12840 I*12601 I*14220 1,16306 I*19089

,1000 1,43874 1.38264 1.21228 I#01674 *93285 *90604 *89628 *91305 o93838 *964_9 *99574

.1200 1.12650 1,07139 .9_390 *75555 *89984 ,68790 *69292 ,72366 .75572 *78574 .81955

.1400 ,83911 ,78767 .6_867 .52522 ,49231 *49210 *50851 *5504& .58783 .62098 ,65684

.1600 ,57289 *52680 *40845 *31670 *30290 ,31235 .33821 *38927 *43109 ,46683 ,50440

,1800 ! *32532 .28534 .18800 *12479 *1273k ,14496 ,17887 *23772 .28390 *32127 ,36031

#2000 I 109439 ,06079 -.01618 -,05378 -,03699 -#01228 *02860 *09421 *14309 *18300 *22332

.2200 -*12153 -*14882 -o20655 -.22115 -*19182 -o]6087 -*11387 -*04231 #00948 *05111 ,09256

.2400 -,32385 -o34507 -*38492 -,37885 -,33839 "*30191 -*24946 -I17259 -oi1822 -*07505 -,03259

,2600 , -,51382 --,52932 -*55269 -,52803 -*47762 -,43619 -*37888 -*2972_ -*24054 -*1759T -*15261

,2800 -*69255 -,70271 -,71100 -,66957 -,61022 -.5643_ -*50265 -.41672 -*35790 -*31211 -*26790

*3000 -*86099 -,86625 -,86076 -,80420 -,73679 -168689 -162123 -o53141 -l&70&8 -,42375 i -*?7879

,3200 -1,02006 -1.02080 !-Io00277 -*93250 -,85780 -#80427 -,73500 -16_164 -157917 -#53_20 -*&9556

*3400 -i*17052 -1.16713 i-1,13769 -i.05501 -o97369 -*91685 -.84430 -*74771 -*68355 ",63473 -,58845

#3600 -io31311 -I.30594 -I*26612 "I.17215 -I*08482 "I.02496 -*94942 -*84988 -o78436 -.73457 -,68772

*3800 -I*44844 -I*43783 -1.38856 -I128t134 -1.19152 "i*12890 -I.05062 -*94837 -*88151 -,830_2 -,7835L

,4000 -1,57711 -1.56335 -1,50549 -1.39191 -1.29408 -I*2289_ -1.14815 -I.04340 -*97530 -,92395 -.87512

.4200 -1.69962 -1.68300 -1,61730 -1*W9520 -1,39276 -i*32530 -I.24219 -i.13516 -ia06593 -I*0_393 -*96580

*4400 -1,81646 -1.79723 -la72_37 -1,59444 -I.48780 -1.41821 -I*33208 "I.223_2 -I*15355 -1,10092 -I,05_[ e

! .4600 -1.92805 -I.90643 -I.82701 -I*68T95 -1.57944 -Io50788 -I.42069 -I#30957 -I.23831 -_*18511 -l*!_Sqe

! *8800 -2,03476 -2,01094 -I*92555 -I,78193 i-I*66784 -1,59449 -1.50548 -I.39255 -1.32039 -],2666& -1,2!717

*5000 -2,13699 -2,11114 -2.02026 -1,87060 -I*75222 !-1.67819 -1,58750 -i,47290 -1,39991 -],34568 -i.2_58_

*5200 -2,23492 -2,20729 -2.111_8 -1*05615 -I.8357& --i.75916 -],5669] -!*5_078 --1,47699 -1,42227 -I,3_215

*5400 --2*32899 --2.29948 --2,19912 --2,03878 -I#91556 "1*83754 --I.74385 --1*82624 --I.55174 -_.49660 "I,_4619

*5600 -2._1941 ,--2*38855 --2*28372 -2*I1855 -i*992_2 "I.913_7 -i.818n3 -1,599_7 -1*52a30 -]*56875 -I,51808

,5800 -2*50639 i--2,47_i! -2,36536 -2*19591 -2*06765 -1,98707 -1*89078 -i*77057 -I.69477 i-I*6388_ -I,587_2
_6000 -2,59019 I-2,55659 -2*44422 -2,27071 -2*I_020 -2*05845 -i_96100 -i.83962 -i_76325 -i|7069_ -1,65577

,6200 --2,67099 --2.63619 -2,520%4 -2*34316 -2.21057 -2*12775 -2*02921 -I*90672 -i*82979 -Ia77218 -1,72179

*6400 -2*74898 -2#71305 -2*59419 -2*41341 -2*27887 -2*19505 --2,09549 -I*97197 -1,89453 -!.83761 -1,78602

,6600 --2,82433 -2,78736 -2,66560 -2,48157 -2.3_520 -2*26045 -2*15993 -2.035_6 "1.95753 -I*90022 -I*$485_

.6800 --2.89717 -2*85924 -2,73481 -2,5_774 -2*40967 -2.32404 i-2*22263 -2*09726 -2*01887 -I*96139 -I.909&?

,7000 -2,96768 -2,92886 -2,80192 -2.61201 -2,47236 -2*39590 -2*28366 -2.157&_ -2*07863 -2*020_e -1|9687_

47200 -3*03598 -2#99632 -2*86705 -2,67450 -2*53336 -2*44612 -2*34309 -2*21&08 -2*13687 -2*07889 --2*02550

.7400 -3_I0218 -3*06174 -2*93030 -2,73527 -2,59273 -2,50477 -2*40101 -2,27324 -2*19365 -2*13545 -2*0_200

*7600 -3,16639 -3*12523 -2*99177 -2,794e_2 -8*65055 -2*56192 -2.457/:6 -2,32899 -2o2_905 -2*19063 -2*13804

*7800 , -3,22874 -3,18690 -3*05154 -2,85201 -2,70692 -2,61763 -2*51252 -2,38339 -2.303_I -2,244a9 -2,10176

,8000 -3*28931 -3,24684 -8.10969 -2,908]2 -2,76187 -2.$7198 -2*56625 -2,43649 -2*35590 -2._9709 -2*74423

*8200 -3*348]9 -3*30512 -3*16630 -2,96281 -2.81548 -2*72501 -2#8]870 -2,488_5 -2.40745 -2.34_/_6 --2*29549

*8400 -3,40546 -3,36184 -3*22145 -3*01616 -2*86778 -2*77679 -2,65993 -2#5_000 -2,_5784 -2#39858 -2,?4557

,8600 -3*46120 -3,41706 -3*27521 -3*06821 -2,91887 -2*82734 -2*71998 -2*58853 -2*50708 -2*a_776 -2*79457

,8800 -3*51550 -3,47087 "3*32763 -3.1190] -2*96875 -2*87677 -2*76890 -2,63595 -2#55523 -2*4957= -2*442_6

,9000 -3,56841 -3.52331 -3*37875 -3,16865 -3,01749 --2*92506 -2*81672 -2,684_I -2*60236 -2.54274 -2,&8935

,9200 -3,61999 -3,57445 -3*42869 -3,21712 -3.06517 -2.97228 -2*86350 -2,73063 -2,648_6 -2*58870 -2,53522

*9400 -3,67031 -3,62439 -3.47743 -3,26451 -3,11178 !-3.018_9 -2,90930 -2,77598 -2*69361 -2,53372 -2,580_3

*9600 -3*71942 -3,67310 -3,52505 -3.31086 -3.15738 --3*06371 --2*95411 -2*82040 -2*7378] -2,57779 "2,62413

*9800 -3.76739 -3,72070 -3.57162 -3*35621 -3.20203 '-3*I0800 -2*99800 -2*86391 -2o78112 -2*72098 -2*86724

I*0000 -3,81425 -3*76722 -3,61715 -3a40058 -3.24574 -3*15135 -3.04100 -2_9065_ -2*82356 -2,76331 -2*70950

_o ,15306 *15230 *15425 *16625 *17597 o18125 ,18662 *19200 _19468 *19628 ,19735

CdFH _86025 *83117 ,74868 ,65802 *614_3 |59780 ,58851 ,59390 .6080_ *62314 .64937

_dw 4,21709 4,1_593 3_92516 3#63]66 3#44136 3,33438 3*21907 3#09_39 3O02793 2*98621 2,95720



44 TECHNICAI, H, EPOI{T R 88 NATI()NAL AER()NAUTiCS AND SPACE AI)MINISTI{ATI()N

TAI_I,t': IV.- ('I[()I{I)WISE Iq{I'ISS['I{1C I)IS'I'I{IP, I'TI()NS F't){ MACII NI*MI',EI{S NEAI{ l AT VAI{IOUS

SI'ANWI_;I'I STATlt)NS l)N FIN1TI<-SI'AN I{E(?I'AN(;i-I,\I{ WIN(IS IIAVIN(; ('[I{CI'I,AI{-ARC Pi{()-

F'I L I':S (!o.li.u(_d

(f) ,I =(1.4

0.00Cl I [ 5.71665 [ 5.67503 5.5_a4_1 5.5230: 5.+62a1/5._6949 1%18947/ 4,9854_1
,0005 ] | 5,16437 | 5.11323 5,01840 _ 4,92404 4,84795 |ae72856 I _49256 i 4121399|
,0010 _ _,BB648 1 4_82927 4_72259 /461564 za52871 J4,3911J ] 4411372 31779291

I 4.0+i06I,.0087__._5_1_I 3.68+0+3._491013.3_92+I 2.9_+_I 2._8_89!
-11-°13,646051..21 3,3++1,I 2,.006|2,7. 612,..52,4.102,3.04

,0100 3e67572 3o09630 2*95061 2,68112 2445920 2,33158 2,20746 i 2110302! 2#06437

2,36909 2*17907 1,92_33 1,78492 1172269 1,67122 i 1163685 i*63027_

1,82429 1,64801 ie_5909 1,37523 1,34295 1,32087 1,31438 1,32099
1,37651 1,23538 1,10492 1,05683 i#04245 1,03791 io04820[ i*0628& 1,07782

e99574 I89164 ,80815 ,78584 ,78_24 I ,79211 1B1442 ! *B3489l

e66641 ,59528 e54925 e54681 e55498 e57240 e60397I ,62895

#37844 i *33506 '; ,31912 #33741 ,34832[ *37335 e41233[ e44092
e12443 _ ,10394 : ,i1229 i ,13826 ,160_51 ,19155 125667[ 126822

,0200

*0400

*0600

,0800

,i000

,1200

.1400

e16_0

,1800

,2000

#2200

,2400

,2600

*2800

,3000

,3200

*3400

.3600

,3800

,4000

#a200

,4400

*4600

,4800

,5000

,5200

,5400

,5600

,5800

,6000

,6200

,6400

16600

,6800

*7000

,7200

#7400

,7600

,7800

,8000

,8200

#8400

,8600

,8800

*9000

*9200

#9400

,9600

,9800

1,0000

xo

CdF8

cd W

5,72854 4a67788

5e17891 B178090

4,9027& 3#37558
2188400

3*13638 2,0_86

2142777 1,63286

ie88533 i,33122

I*42945

1,03740 ,85327

e69689 e6#99_

e39899 ,46_i0

,13661 ,29317

-*09603 -,10128 -,I0308 -*07498 I -*03867 -e01134 I .02494 *07496 i 110898 ,I_537

-,30366 -*3©323 -*28977 -,2455_ I -e20071 -,16912 I -,12_62 -*07444 i -,03837 -*01075
I I ,

-,49016 -,48596 -145912 ! -*40160 -,34972 -.31Q59 -#27056 -e21208 -,17509 -114643

-e65866 -,6_978 _ -,61357 -*545051 -#48728 -,449_7 -,40217 -*34154 -#30227 -,27273

-157407 -e524_5 [-e81181 -e79980 I--'75500 -,677411 -,61469 -e46161 "#42089 -,_9061

-e95172 -e93711 -,88538 I -e80001[ -e73309 -1690B4 -e63868 -157339 -*55179 -e50087

-1,08020 -i#06343 !-1100578 -*91392! -,84348 -17988_ -,74558 -167825 -163573 -,60423

-,77667 -,73336 -*70140--Ie19870 -1,18011 I-1,11750 I-l,OZOl41 -,94662 -*900%_ -e84540

-i,30846 ,-1,28835 -1,22152 I'III19451 -1104332 -,99583 -193930 -186928 i -I8Z527 -,79290

-1,41053 ]-1,38912 -1.31870 i-1,21260 :-I.13420 -1,08554 -I,02790 i -,95689 -,91197 -,87924

-I#50579 -I.48327 ]-!,43977 )-1,30017 -i#21981 -I,170_3 -1,11145 _i,03909 -,99394 -,96339

-1,49535 -ie38272 1 -Ie07150

--iei1719 -1,0382419048-i*_0064 -1,25007 -i,
--Ie59498 I-I.57151 I

I

-I167875 !-1,654_6 --I157599 -Ie46072 I-i,5771_

-1,75766 i-1,73265 --1,65217 i-115845_ i-1,44968

-i#83217 i-1,80653 -1,72428 i-Ie60465 -1,51857

-i#90271 !-i.87653 !-1*79272 -i_67129 -1,58417

--I#96964 --1104297 --I*85780 I-1,73%76 -ii6437!

--2,03327 i--2#00616 I--1,91978 1--1,79532 i--ii7064_
"2109388 i--2e066_0 --I*97894 -i185317 --I176357

-2e15173 -2,12392 !-2403547 -I490857 -I181828

-2,20705 i-2,17892 -2,08960 I-1,96167i-i,87078

-2.26001 [-2°23161 -2#14150 i-2.01264 [I-1,92120

-2,31079 i-2e28214 -2,19133 -2,06162 -I*96968

--2,35957 i-2,33070 -2,23923 I-z,10875 -2101636
--2,40647 _I--2,37740 --2,28534 -2,15416 -2#06135

-2*45163 i-2e42237 -2*32978 -2,19795;-2,10_77

-2e49516 1-2146572 -2*_7265 -2,24024 -2*14671

ii iii 
-2,57773 -245_801 -2,60193 -2.46684 -2e_2648

-z.61697,-2.58m ,-2.2+44+-2.207+_
-2,65495 i-2e624 ' -2110131

-2,69174 {-2#66164 -2,73704

-2,72761 -2.69721 -2,37173

-2,76202 -2,73173 -2.63617 -2,50075 -2,40543

-2,79564 -2#76526 "2,66943 -2,53370 -2,43820

-2182830 -2,79784 I2,70178 -2*56575 -2147007

-2,86007 -2e82953 [-2,73525 -2,59695 -2,50110 -2,37617

I
-i,32578 -1,26539 -Ie19127 -It145261-i,ii!67.

-1,39752 -1,33653 -I126168 -1,21529 -i*18149

-1,46592 -I*40418

-1,53097 -1,46867

-1,59301 -i,53022

-1,6523C -1,58906

-I,70904 -1,64538

-1,76311 -1,69939

-i,8155_ -1,78123

-I*$657C -ie_Oi06

-1,9139_ -1,84901

-i,9603( -i#89519

-2,005_Z. -1,93074

-2,0483_ -1#90274

-2,0901(

-2,1304"

--2elTqS[

-2e2441(

-2,2797[

-2*31421

-2#347_

-2,38051'

-214123:

-214432.

-2189098 :-2,86037 -2,76388 -2,62732 -2153133 -214734

-2*65693 -2*56079 -2#5027

-2.89041-2,7.72;i

-2195041 -2,91957 --2182280 -2e68579 -2158951 -2,5314

I -2#71394 -2*61754 -2*55941
-2,97901 -2,94821 -2185117

-3,00691 -2,97605 -2187885 -2174143 -2164491 -21586711

,I0760 ,10913 ,I1567 .125 317 *1348;+

*57915 ,56193 =51581 ,47376 _ *45897 ,4566!)

3e30977 3,26250 3*12174 2e94_81 2*83519 2#77492

[ .........

1,000

3,6307$

3*28942

3.i1850

2163403

2.35814

2,04706

1,6_261

1,34597

1,09566

,87337

,67184

,68738

*31761

115078

,015_7

-,I1953

-,2_525

-,36263

-e47246

-,57867

-e67231

-,7635[

-,84952

-*93105

-1,00322

-1,08149

-i,15114

-I*32871 -i,28199i-i,24800 -I,21752-i_39262[-1134562 -i*31143 -1,28C::5

-ii45367 -II40539'-i,37285 -1,34136

-!|51207 !-i.46453 -1,43005 -1,39927

-ii56795 -1152025 -ie48563i'i*45475

-I162158i-i*57367 -1,53895 -i,5079_

-i+67808i-i,62500-I#59016 -i,55914

-1o72259 11-1*87436 -1,6_942 -i*6003_

-1177025 -1,72187 "I*08606 -I,65571

-1181619 -iI767_7 -1,73258 -1,70_38

_i486050-i#$i136 .77669 -i#74545

_Ie90329 -I*85454 -1#31930 -ie78802

-2,02430 -i,_4464i-IeC9579 -l,g&050 -ie82917
i

I

-2#06449 -1,98465i-ie93571 -Ie90036 -Ie86899

-21103401-Z#02340 -1197437 -I*_3397 "Ie90756
I

-2,14111 "2e06094 -2e01183 -ie97638 -1,9_494

_2e09736i-2e04817 -I*981ZC I-2,17757

-2,21314 -2*13269

-2e24759 -2#16702

-2#28107 -2*20039

-2,31363 -2m23284

-2,34532 -2e26442

-2e29517

-2,40623 -2132513

-2,43553 -2135436

-2*46410 -2,38286

-2,69200 -2141068

-2#51923 -2143784

• 13800 o14117

e45868 e47094

I 2__'71°8°12.6.37

-2,08344

"2,11770

-2,15151

-2e18341

-2e21494

-2e24564

-2#27557

-2150473

-2*33319

-2e36098

-2138810

e14275

e_8401

2160622

-2131267

-2.04790 -2*01641: I

-2,08213 -2eC5060

-2,115_0 [-2,08384

-2,14775 i-2,11618

-2,17925 -2e14766

-2e20993 -2e17831

-2,23983 -2,20820 I

-2,26897 -2,23732 I

-2,29740 -2.26573

-2,32516 -2*29348

-2*35227 -2,32057

,i_370 ,!4433

,49691 e51290

2,58361 2,56813



PRESSURE I)ISTRIB[?TIONS ON WINGS OF FINITE SPAN F()R MACH NUMBERS NEAR 1 45

TABI,E IV. CII{}tll)WISE PI'_I_;SSUIIE I)ISTIIlIHTI()NS FOI_ MACII NI'MI_I']I(S NI.;AII, 1 AT VAIII()US

SI)ANWISE STATI()NS ()N FINITIGHPAN I(I_:CTANGITLAI_ WINGS ]lAVING CIIfCULAR-AI/C PRO-

12I I,ES (?onliml('(t

(g) ?[ 0.S

0,0001

,0005

.0010

.0050

.OlO0

.0200

.OLO0

,0600

,0800

,IOCO

,1200

,ILO0

,1600

,1800

,ZOO0

.2200

,24J0

,2600

,2S00

,3CO0

,3200

,34C_0

,36t0

.3820

,_:,3.2

,42_J

,4400

.4600

,4800

,5000

,52C0

,5400

,56C0

,58C0

._.300

,62G0

,64¢0

.66CC

,6800

,7_09

,7290

,7400

,7600

,7800

.8000

.8200

.8460

,8600

,8880

69u,,I0

,9200

,9400

,9600

,9800

l,OCOO

:%

CdFH

c d_,,

5,69440 5,68004

5,13705 5*11937

4,85598 4*83617

4.04728 4.01874

3.59138 3.55499

3.01883 2,96763

2.23928 2,17598

1,64422 1,59150

1,16307 1.12576

076762 ,74404

,43856 .42576

,16130 ,15665

-,07522 -,07378

-,27938 -,27239

-,45758 -,421816

-*61470 -.60267

-,75455 -,74099

-,88992 -.36436

-,90343 -,07652

-I,0_663

-1,19110

-1,27894

-1,35844

-1.43212

-i.50276

-I,55792

-1,62911

-1,68673

-I,74115

-1,79287

-1,84155

-1,8380:÷

-1,93235

-!.97465

-2,_1510

-2.95384

-2,99101

-2,12672

-2,i6107

-2,19415

-2,22606

-2,25686

-2*28662

-2,31542 -2*29205

-2,34329 -2,31988

-2,37031 .--2,34686
-2,39651 -2.37303

-2.42195 -2,39844

-2,44666 -2.42312

-2,47568 -2.4a711

-2149404 --2,47CF_5

--2*51679 --2,49317

-2,53894 -2,51570

-2,56055 -2,5_637

-2.58161 -2,507n_

,08878 *09063

,43927 .42707

2,81172

,5OO

5*63073

5,05851

4176779

3,91861

3*42563

2,78994

1,98922

,700

5,5_339

4e94962

4.64469

3,73235

3*18107

2e5048S

1,77872

.40091 .3972_

,15353 ,17263

-*06068 -*02448

-,24809 -*19_87

-,41360 -*35434

-,56007 -,49391

-*69323 -,61097

-*_1271 -,73453

-,92136 -.83920

-1,07870 -1,02071 -,93531

-1,17235 j-I,I1205

-1,25_62 -!,!9640

--!133046 !-1027465

--1,41267 .-1.34752

-1.48190 -I.%!563

-I,5467e_

--1,60763

-1,66501

--I,71921

-1,77054

i

-1,81926

--I,86561

--1,90977

-1,95196

-i499221

I-2,03096 -1,95882 i-I,85669
-2,06804 -1,99566 -1,89324

I-2,1t568 -2,0310_ i-1,92839

-2,13796 -2*06516 --i,96223

--2,17099 --2,09800 !-1,9948_

-2*20284 -2e12969

1-2123358 -2,1602R
-2e26330 -2*18986

-2*21848

-2.24620

-2.27507

-2.20914

"2.32445

-2.24905

-?.3729_

-2*39623

-?,4_095

-2,_'6246

-2,g83 zq

,09712

,39800

2,77652 2a67334

-2,02_Nq -1195377

-2*05674 --1198407

-2*08615 -2*01387

--2,11461 -2*04174

-2,14219 -2_0692_

-2*16892 --2*09589

-2,19487 -2,12175

-2.22087 -2,1468_

-2_744_ -2.17130

-2,2n154 -2,2181_

-_131519 -262604c

-2.357_z: -2,2:402

-2,378a[ -2,20880

,10563

,37356

2,54494

Cp- 2_

,800[ .850

_,46006 I 5*39465

4,84448 4*76093

4*52472 4*42859
3,54258 3_38769

2.94_12.79305

2.31193 2.21403

1,67740 1,63407

1.26493 1,24548

,93443 ,92995

,65417 *66027

,41141 ,42532

,19864 121847

,01058 *03494

-*15684 -,12896

-,30587 -,27622

1.45126 1,31867

1,03339 I ,95768

,6900 _ ,6558_

-,44213

-,56477

-,67858 -,54053

-,77R99 -,74179

-,87326 -,8350_

--1*023_7 -,96039 -192142-i*I0611 -1,04125 !-i,00160

-I*18241 -I,]1656 '-1,07695

-1,25379 -]*18694 '-1,14624

-1.32056 -1,25293 -1,21182

-1,47950 -i,38325 -i.31497 -1,27351

-1.53956 -1,44236 i-1,37347 -1,33169

-1,59622 I-I_49816 l-I,42877 -1,38671

-1164980 i-I_53099 [-i*48114

--1,70057 i-lo60112 [-1.53088

-1,74882 1-1164877 [-I,57_20

--1079475 -Ie69418 -1,62331
--1,83855 --I*73752 "I,66638

--1,83099 -I_77896 I-1,70756
-1,920_:3 -1,81865 i-1,74702

-i,78488

-i,82125

-I,85623

-1,88993

• 11049 I ,11295

,36762 I *36816

2*46612 I 2*42280

*900 ] 1950

5,29455 ] 5110376

4,63126 / 4137711

4a27769 _ 3197508

3,16002 [ 2e86127

2,61906 I 2*45572

2.12390i 2,04924

1.59885 1*57598
1,23353 1123285

,93256 *94597

i67323 *69670

,44597 147696

,24496 e28170

,06594 ei0715

-109443 -104973

-,23891 -*19142

-,40928 ! -,36977 -*32005

-.53016 -*48885 -143734

-,59778 --154479

-169784 -*64364

--179016 i -173496

-*87567! --181962

-,95516 -,89841

-I,02932 -*97197

--1,09872 -Ie04086

--I*16386 -i,10556

--I,22518 --I,16650

--1128305 1-1122403

--i*33778 ;--i127848

--1,43886 --i,38969

-1,48839 I-I,_3900

-i,53553 i--1,48574
-I*58045 -1.53070

--1.62398 I-1,57347

-1,66444 '-1,61440

-1170379 i--1t65363

i-11 74154 -1,69126

-1177701 -1,72743

i-1,81271 -1,76224

-1,84632 -I*79577

-I,92241 I--1,87874 --I,82811

--1191002 -I,85933

-1,94026 -1188950

-I,96951 -1191869

-I,9978_

-2.02527

-2,05188

-_I07771

-2,10286

-2,12719

-3,15090

-P,17_99

-2*!164P

-2_21939

-2,28976

-2,26_61

-I1330!3

-1137922

-1142595

-1147055

-1151316

-1155395

--1159304

--1163056

--1166663

-1170134

-I173_79

-1176704

-1179819

-I,82830

-1185743

197_

L ..........

4188908

4*07747

3062421

2*72000

2a38794

2102139 2,01013

1,57222 1,57_77

112397_ 1*2_8_9

*95965 *97243

171529 173097

149924 ! *5_711

,30681 i ,3_636
,13447 _ 115534

--*02066 I ,00125

-*16097 I -_13824

--*288_8 ] --.2_506

--140487 1 --138002--*51159 --,48718

--*6098_

",7006_

--*78487

--186330

--193656

--I,00518

--Ie06966

--1113040

--1158777

--1124207

--I*29359

-le34256

-1,38921

-I,43370

-I,47623

-I,51694

-1.55597

-1159343

-I*62945

-I*66_Ii

--1,69751 !

-1,72973

-1*76084

--I*79091

--11R2001

--I,94696 -1188564 -1,84819

-I,97435 --i*91297 --1,87550

-2100091 --1193949 -1190199

--2,02670 -1196524 --I_92771

--2,05175 -i199024 -i,95270

-2,075!0 -2.0145_ -I,97609

-2,09978 -2103820 -2100062

-2.I2288 -2,0_123 -2,02353

-2,_4_2° -2*0436_ -2*0a603

-_,1671_ -2*10550 -2106787

-2,1S852 -2112682 -2.0_917

-?,209_4 -2,14762 -7,19906

,11549 ,II_011 ,i192"

,39758

2*30245

.37345 ,3_597

2*37705 2_32815

19 O00

4*56546 ] 3161880

3.6_381 3.27_80

3128885 _*i0223
2*64863 2161116

2*35476 2,3_977

2*00888

1,58245

Ie26026

.98684

*74729

153488

*34525

*17510

*02170

-*I1723

--,24_61

-*35911

--*46507

-*58506 -*56271

-167557 I --165300

-*75955 ! -173682

-*83776 i -,81488

-*91083 I -.88782

-197930 --*95619

-1104364 -1.02044

-1.10426 -i*08099

-Ie16153 -I*13818

-1021574 -1*19234

-1126718 -1,2_371

-1.31608 -1.29257

-1,36265 -1*33911

-I,40710 -1,38352

-I.44958 -i.42596

-1149025 -i*_6660

-I,52923 -1150556

I
-1156666 -I,54_7

-1160265 -1157893

--1,6_728 -i.61354

--1167065 -I,6_689

-1170284 -1,67907

--1|79"J9_ -Ii710]4

--1.76399 -1,74018

--I*79307 -1,76925

-1182122 -1,79740

-1,84852 -1,824_8

-I,87500 -1,85115

-1.90071 -1.87684

-1,92568 -i,90181

-].94996 -I.92608

-I19735R -1,94969

-1.99657 -I,9726R

-_*01897 -i*o9_07

-2*04080 -2,01889

-2*06209 -2,038]?

-?*08PR7 -2,051_5

*12002 ,12052

*40555 .421 ?&

2,28624 2*275S3



4() TECHNICAL REPORT R-SS NATI()NAL AERONAUTICS AND SPACE AI)MINISTRATI()N

TABIA", IV. Ct[()RI)WISE I'I(I,]SSVRE I)ISTRIBtTTI()NS 1,'{)R MACtt N1TMBEI{S NEAR 1 AT VARI()I'S

SI'ANW[SE STATI()NS ()N I"INITE-St'AN RI,](TTAN(;(H,AI{ WIN(IS tIAVIN(; CIR(HTI,AI(-AR(_ I'R()-

FI IA'iS ('o,timw(1

1,22963

,75796

,&01.92

,12263 ,12538

-,I0$61 -,0_3_8

-,283°2 -,27468

-14377_ -142677

-,569C2 --)55693

-,68288 -,66996 -*62858

-,782_7 -,76934 -*72624

--,57166 -*_5767 -,51325

*250 [ ,500_ *700

5,61229_ 5*55347 1 5,45259

5*03557 I _1962201 ae83497

ae74195 I 4,65907 I I+o51385

3,88018 3,75442 I 3052476

3,37500 3,20847 2)922_0

2.71075 2•51127 2)25668

1,81876 1,68032 Ie54572

i,20013 1,12758 I•06671

,7_57 •71510 .69889

,39759 ,39_71 140616 i

,000

i 5,62966
)0005 5.05719

,0010 &,76630

,0050 3,91639

)$I00 3)42262

,0200 2•77436

•060

,O80t

•13u$

.1280

.1403

.!6CC

,1839

.ZO_O

,2Z.,O

,Z&CC

ii6OC

(it) ?[ = o.2

,800 i mS_O

5*35906 | 5*28679

4.71511 4m62114

4j37547 4*26578

3130135 3,13685

3*579562*70227

Z*I1811 2,05327

1m48612 1,46141

lmOa563

,70080

m42254

t
)1390& m16803 I 19382

-m06973 -m02927 i i 00277
-m24362 I -m19546 _ - 15913

-,39103 i -m33755 -m29821

-m51791 -1_6065 -|41915

-*56858 -,5Z549

-,66419 -m61990

-o7_965 -m70445

,900 I m?50

5m17746 I am97126

t_m_7647 | _mlQ_09

_,09455 i 3,7542_
2,q3_07 _ 2,72437

2*45958 2m35275

1,9_468 1,94587

I*a4185 lea_O05

!*0397A 1,03852 Io0_441

0706Z4 *71612 ,7_287

,&3519 *85223 )47604

• 21121 ,23299 e26151

,02337 ,04838 ,08013

-,13632 -,I0908 -m07505
-m2738_ -,24500 -o20935

-m39365 -.36365 -m32_81

-_4991_ -*46828

-m59292 -,56141

-)_7698 -064_97

e975 1990

4e7403_ I _m39080

3m86351 3,_8036 !
3,_1752 3118768

2,63265 2m58_q6

2m30757 2528492

Ie9_9_9

_*09957

,75650

*50522
I

m29_4_

aI0047 *11566

-m05357 -*03771

-m18705 -_1706q

-130391 -128719

-_43056 -m_0721 -m39021

-m52300 -_49931 -m48212

-e60606 -a58210 -,56473

Ia92726

Ia42905

!_05199

*74576

ma92_1

)2802_

,28{'C

,3C_'O

,3290

, _478

m187_

•,.SSC

,47_S

,_403

,_b, O

• i, rC

._-2, 3

m56:? F

, ,2 _"

• _c, C

•7230

,S2.

,S_ C

• bb Z

,97-'_ -!,g7155 -1093_?_

,9458 -i,98£_77 -Im97990

,96 C -2m25111 -1 ,e8!,!2

,983- -2,01T, 56 -1,90_57

I•3309 -2• 22_.5 -2•3136

+ i
-- +

i ,'_671_ ,,068_9

,27358 I a 26734

,,, 2,16305 111

k__

-m95124 -,o3690 -a89149

-i)_2317 -ImOn&56 -m96236

-I,28864 -1.07382 -i)02700

-I,I&862 -Im13363 -im08630

-l,2J397 -i•15;874 -!._lOl

-I,,_=_2 -Im2_c77 -imlOiTO

-I,_77! c -_m29725 -Ie23889

-1,347!70 -1133157 -11782 Oe

-!m_SSbl -1m37312 -i,_2433

-!.42773 -i.#1217 -1.36321

--i,464bl --I•44C_I --!m29900
--I.._0<0 --I•41;2!7_ -I•4SA6C

-i•53253 -!•5168 _ -i.46750

-10563_ -lm54qZ? -I)49876,

-1,503g2 -!m578n7 -!.5235_

-,82668 -,78077 -,75293 -e72052

-,89660 -m85013 -)82199 --078926

-,e6049 -m91356 "18851_ --m85220

-,07180 -,9_331 I --*01012i I _ 0 _ 9 _ _

-!•07338 -1,02579 -m9gT05 i --m96370

-1,12367 -1,07582 -Im04695 -!,01_45

--I.17051 -!.12246 --Ii0_!347 -1)05986

-I*21431 -I,16608 -Im13700

-la255&O -1,20702 -I,17786

-I,29403 i-I,?_557 -Im21633

-I•33053 I-1..!_'!95 -!,:'_266-1,3f_512 -1._1640 -i,2_705

-Ie3978B I ,a.oo -ie31968

-_._o_I-_.i_oI_-1)35072

-Im45_5_ j-1.40975 -!.38027
-Im_3701 i-I._+3_;01 -!,40_50

-im%4q_! -]•'_2'0 -!,1_411 -I051401_ ;-1,_0h03 -!,43549

-1,37_7 -1,65o'!' -1,41_II -im_,490_ -_.4qOnO -I)46135

-i,7_,7 -i•61_4_4 ¸-i,6350 ¸', -Im564£_ -_*r_1572 -!m48614

-1,724_! -i,7_'!'_7 -!0A_8'_ o -Im_RR7_ -!.539_7 --1,50997

-I,74777 -i,7ql_O i-1,63201 -Im61172

-i*7r' _e_ -1,7_411 -!m70415 -_m63_84

-I•7_141 -1,77!}51 -[,72555 -!,65517

-Im812_9 -1,7q618 -I•7461_ -Im(_7_75

-1,822'5 -I,21614 -!)_6611 -i•_,9554

-I•_5137 -I._?_44 -I•7_538 -1,71488

-i)7515_

-!m76_05

-1,78604

,80254

-i,51_5 o

-i)83_1 o

-ImS4o_ !

-i.864]7

-I,87859

-1.89265

mO_l?O

-I.56250 -1,53288

-].58459 -!,5_ao6

-1,60589 -I•5762_

-_e6764_ -!m5_67_

-1.64632 -!*61664

-!,,66555 -1.63584

-I,6Sa14 -1 ,654t+4

-i.70217 "I.572_5

-I)71965 -!*6_99_

-1,73663 -1.7069C

-Im7'5311 ml,7_33_

--Im 76914 !--I m7394_

i
-I)78472 i-]075%9_

-I)81_69 - m78-%92

-1,84315 'i)8133_

* 08'_86 )0_67C

) 2/_514 ,24841

Im94889 I|922_ =

-1,88_17 -Im_722_ -im82212

-I,9257_ -i,88_78 _-im£_65

-I,OZ_77 -I,_:-_I -I*S_666

-i,o_3Z -i,_2335 -1,87319

-i,_554_ -i•93_44 -1,3_925

-1,92008

-I,O4o3_

-I•963_0

*0746_

,25320

2.07686 1,99736

-*68119 --*65703 --m63054

-m74962 -m72529 --070770

-_81229 -m78783 -m77016

-e87001 -*84543 -*82770

-e92340 -,8987a -,88005

-mo7301 -*94827 -*e�Oa4

-!e01929 -*99449 ! -197661

-1mi0328 -i*06261 -im03776 -I*01985

-I,I_406 -Iei0330 -I,07840 -I,06046

-1m1_746 !-I,14162 -I,11668 -1m09872

-!,71872 -!m17782 -I,15285 -I,13487
-!*i"_06 -I,71211 --1)18710 -I*I_910

-I,28_65 --1e24464 --Im21961 --im20158

--1m31653 -1o27557 -!m25052 i--Im23249

-i)34616 -II30506 -Im27999 --Im76105

--I.q7435 -Imq3322 -Imq08l_ -Im29008

-1,40131 -!,36015 -Ie3_50@ -[,31697

-Im42714 ;-I138594 -!m3_082 --I)3_275

--!,,%5191 -_m4!070 -!e_85_6 -]e3_74R

--I)_7571 -Im4_448 -!ma0933 --I.39124

-1,40S6_ -im45735 -1m_37_9 -Im4!410

--!m52066 -1047939 -1145_22 --_,49617

-Im54193 -1*50064 -I,47546 -I_45735

-!m56246 -I,52115 -_,49"_97 -]o47786

-I,5R730 -1,54098 -1,51578 -I,49767

-1,60149 -1,56016 -Io53_96 -1,51684

-Im6200a -!m5787q -1e55352 -I.53540

--ie63808 i-Im59672 !mleS?lSl --1m55339

--I*65555 i-!*61518 -I*5889_ --1057084

--i)67251 !-Ie63113 i-I*60591 --I*58777
-1068898 I.i I,64759 i-Ie6223_ !--1*60423

-I)70499 1-Ie66359 -ii63836 -Im6_022

-i,72057

-1,73573

-1,750_0

-1*76490

-1,77893

m08_55

*25473

Im89440

-i,67917 !

-I,69432

-I)70908

-Im72347

-I)73751

mO_040

*26531

Im86452

-lm65_3 -1.63578

-Im66908 -1)65093

-Im68384 -I)66569

-im69823 -1o680(38

-I,71225 -I,69411

*09132 *09187

m27559 *2_396

Ii8_86_ 118_878

1,000 I

t
3m59198

3,24_97

3*06558

2,55899

2m27_22

1191842

I*43718

1,06855

*76756

m51765

,30781

*IZ967

-*02323

-,15589

-,27215

--.37_99

-*&6675

-162399

-,69207

-,75448

-,8_197

-m86518

-*91464

--m96079

--Im08285

--I,11896

--1,15320

--I)18568

"Im21656

-im27414

-1,30103

-Im326SO

-I,35152

-1,37528

-1139813

-t*42015

-1*_4138

--Im46188

--II48169

-1,50085

--i*53740

-I_5548_

-I*57178

-I,58823

-i)60_23

-1,6197_

--Im63494

-I.6_969

-1,66@08

--Im67811

,09224 [

o Z9_18 I

: lm83217 I



PRESSURE I)ISTIHBUTIONS ON WINGS OF FINITE SPAN FOR MACH NUMBERS NEAR 1 47

TAIH,E IV. CII()I{I)WISt.] I'I{ESSII{],I I)ISTI{IBI,TI()NS F()R MACI! NI'MBI.:I{S NEAR 1 AT VAI{I()IS
SI'ANWISE STATI()NS ()N [:INITI,i-SI'AN I{],X:TANGIq,AI{ WINGS tIAVIN(I (_II{CULAR-AI{C PI{()-
F I 1_ I'_S -- Con('ltt(led

(i) 7-o.1

I_ ,000 #250 l 1500

I 0#0001 I 5.47692 5,45527

I ._0_o05j 4.86586 _.83833
• 0010 [ 4.54923 4.51768

,0050 [ 3158147 3e53033

eOlO0 2.96453 2.89920

•0200 2,11210

,0400 i*I0006

.0600 .55467

.0800 ,22271

.i000 -e00110

,1200 -,16371

e1400 --,28842

,1600 -,38795

#1800 --e46984

,2000 --,53882

,2200 --*59805

.2400 --.64969

• 2600 -.69529

• 2800 -.73600

• 3000 --.77266

•3200 -*80595

.3400 -.83638

.3600 -e86436

,3800 -e89023

,4000 -*91425

.4200 -,95666

,4400 -,95763

e4600 --197733

.4800

.5000

,5200

.5400

.5600

,5800

.6000

,6200

.6400

.6600

m6800

.7000

.7200

.7400

.7600

.7800

m8000

.8200

18400

,8600

,8800

,9000

,9200

.9400

.9600

.9800

.0000

_o ,04104

CdFH *09370

cd W 1,30299

2.06128

1,08602

.55405

.22675

.00481

-o15694

-,28119

-,38047

-.46220

-#53108

-o59024

-.64183

-.68740

-,72808

-,76473

-,79800

-,82841

".85638

-e88224

-o90626

5*38313

4.74611

4,41145

3e35438

2,69735

1,92566

ie05160

.55507

,24054

,02387

-.13539

-m25834

-,35686

-.43813

-.50671

-156567

-e61712

-.66258

-.70318

-i73976

-,77299

-e80337

-,83131

-,85714

-*88114

-1.03006

-1,04585

-1.06086

-1,07518

-1,08886

-1,10195

-IeI1450

-ie12654

-1,13812

-1,14927

-1,16001

-ie17037

-1.18038

-1,19006

-i*19948

-1.20850

-1.21730

-1,22584

-ie23413

-ie24218

-1,25002

"1.25765

--I.26507

--1.27231

--I.27936

--,92866 --,90352

-.94963 -e92448

--,96933 --,94417

--.99590 --.98789 -.96272

-1.01344 -Ie00543 --.98025

-1.02205 --e99686

"I*03783 "Ie01263

--ie05284 "1,02764

--1,06716 -1,04195

--1108084 -1,05563

-1,09393 --Ia06871

--1.10648 -1,08125

-1.11852 -1,09329

--1,13010 -1110487

-i,14124 -Iei1601

-ie15198 --1,12675

-Ie16234 --Ie13711
-Ie17235 !--1,14712

--i,18203 -1.15679

--1.19140 "I,16616

--1,20047 -1,17523
-1,20926 I-1,18402

-I121780 -im19256

-1,22609 -1,20085

-1,23415 --ie20890

-i12419'9 "1,21674

-1.24961 --1,22436

-ie25703 -1,23179

-Ie26427 --1.23902

-I*27133 -1,24608

,04246 e04633

e09207 *08903

le29330

,8002
4,58908 4144347

_a22808 _*05498

3,06194 2.84403

2.44470 2,30653

Ie78927

1.02218

,56277

,26242

,05186

-,10443

-#22578

-,3233e

--.40408

",47229

--*53099

-e58226

-.62758

-,66809

-,70459

1,72369

1,01146

.57170

127922

,07219

-m08235

-e20275

-,29980

-,38014

-144815

-e50667

-#55783

-,60307

-,64352

-.67998 ".56516

Cp - 2_

,850

5*06931

4#33009_

3*91783 i
2,72389 1

2,23998

i*69358

1.00920

*57830 e58703

e28989 ,30273

,08471 *09945

--.06891 -e05320

",18880 --#17256

--e28554 -*26899

",36570 #34895

: "e43356 ,41668

-,49202 ,47505

-,54312 -m52608

",58832 -,57124

i -,62872 -,61161

--.64802

-,73776 -e71311 -.b9827

-,76810 -e74341 -,72856

--,79600 -.77129 --e756_3

-.82180 -e79708 -.78220

-.84577 -.82103 "e80615

i

,900 *950 #975

_,94397 4e70887 r 4#44443

_e15560 3,81551 J 3,48766

;.70566 3135123 3113885

:160589 2,49741 2144886

2,17759 2#12112 2109628

Ii66629 Im64320 I 1163424

1100711 1,00941

*59907

,31894

,I[760

-e03406

-,15287

-*24897

-#32873

-,39532

-,45460

-#50556

-.55067

-,59100

-#62739

-e68111 -e66056

-,71138 -,69071

-,73923 -#71855

-,76500 -m74430

-*78893 -,76822

-e86813 -e84338 -182849 -m81127

-,88907 -,86431 -,84941 -e83218

-,90975 -,88307 --,86907 --.85183

-.92728 -.90250 --.88759 -.87036

-094480 -192001

-.93661

-.95237

-e96736

-,98166

-,99555

-i.00841 -,99348 i

-1.02004 "_.00601

-im03297 -1.01805

-1*04454 i-1,02961

-1,05568 --1,04075

-1,06641 -I*05148

--1,07677 -1,06183

--1,08677

-Ie096_4

-1,10580

-1,1148"

-Im1236_

-111322(

-I.1404_

-Im1485_

-ie1563]

-i.16395

-1.!714]

-le1786_

-1,1857¢

,05265

,09361

1120925

-,90510 i -.88786

-,92170 _ -,90445

",93745 ",92020

"e95244 -e93519

"e98674 -194949

-*98041 -,96315

.03421

b04457

-1,07184 ,05457

-1,08151 ,06424

-1109087 ,07360

-1,09993 m08267

"I,I0873 .09146

"1,11726 .09999

"Ie125551 .10827

"Ie13360 ,11632

"Ie14143 ' _12416

"Ie14905 . ,13178
"I.15647 t .13920

"I,16371 .14643

•i.17076 .15349

e05376 *05487

•09724 110201

1,19780 I*18542

-.96140

-.97717

-e99217

-Ie00647

-1,02014

-1,03322

-I.04576

-Ie95780

-1106937

-1,08051

-I.0912L_

-i 10160

-I 11160

-i 12128

-1 13064

-1 13971

-I 14_50

-i [5704

-I [6532

-I [7337

-i [8121

-I t8883

-I L9626

-I _0349

-I _i055

.05045

m08993

1e26497 1,23044

-e79055

-181146

-e83110

-- #990 11000

4,04223 3.51793

3,26845 3,15035

3e02672 2,96256

2#42241 2e40726

2*08324 2.07665

1,63047 1162997

1101281 1,01635 I*02066

160730 161372 e61995

i32926 *33698 e34400

*12891 ,13718 ,14464

-m02224 -.01367 -m00509

-m14078 -*13203 -.12425

-,23671 -,22786 -,22001

-.31636 --8_074_ --.2999_

-#38388 ".37_02 -,35700

-e44211 -#43312 -,42517

-149304 -*48403 -.4760 _

-o53g13 -,529!0 -e521!3

-,57844 --e559a0 -,55142

-.61481 --,60576 -e59777

--*64786 --,63880 -,6308]

-167810 -.68904 -,66105

--e70593 --169687 --.68887

-*73168 -,72261 -.71461

-,75560 -,74653 -.73853

-,77792 -#76885 --176025

--*79883 -,78975 -,78175

-#81847 -1809_9 -180139

--*72791 -,81990

-184540 -,83740

-,86!08 -.853o7

-18777_ -186072

-.89271 -.88470

-,90701 -e_0900

-192975 "102067 -.01265

"19337 _ -*92572

--*84962 --e83699

-.367!2 -._5448

-.8_371 -.87107

-e899_5 -e88601

-.914z_4 -.90180

-o92_74 -,91609

-194240

197622 1 --195546

,9_875 -*96800

100078 --$9_003
-Ie01235 -e9915q

-Ie02348 -Ie00272

-I*013_5

-1102380

-i,07380

-1.04347

--1105283

-1#05190

-I#07069

-1107922

-I.08750

"I*09555

-1110339

-lelllOl

-1,11843

-m942_2

-1955_5

-e96738

-e97894

-,99007

--I,00080

-Ie011!5

-1*021!5

"I*03082

-1104018

-1104925

-1.05904

-Ii06657

j-lm07_85

i-I,08290

-I.09073

-I.09835

-1,10577

105598 105653

mi0986 ei1552

1117240 Io16553

--094626

--e95829

--m9809S

-,99171

-1.00206

-1,01206

-1,02173

-1.03109

-1.04015

-i,04_5

-Im0_7_8

-1,06576

-1,07381

-1,08164

-Ie08926

-I.09668

"1,10392

-Ieli097

,05686

e12062

1,16139

-,93825

-,05028

-,o51_z,

-.97207

-,9837©

-,99405

-I,00405

-1,01372

"1,02308

-1103214

-1,04093

'-Ie04946

-I.0_

-!.0_

-i,0_

-i.0_

-i.0_

-l.Og

-l,iC

.05708

,12561

1,15851
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